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RESEARCH  ON  ISOPOLYMOLYBDATES  OF  THE  ALKALI  ELEMENTS 
BY  THE  HYDRATION  METHOD 


Vikt,  I.  Spltsyn  and  I.  M.  Kuleshov 


The  literature  contains  numerous  references  to  acid  molybdates  of  the 
alkali  elements,  described  chiefly  by  studying  the  phase  diagrams  of  systems  of 
the  Me2Mo04— M0O3  type.  Di-,  tri-,  and  tetramolybdates  of  lithium  have  been  found 
[1].  Sodium  forms  a  dimolybdate  [2],  as  well  as,  possibly,  a  tri-  and  tetramolybdate 
[1].  Opinions  differ  regarding  the  isopolymolybdates  of  potassium.  Amadori  [3] 
used  the  method  of  thermal  analysis  to  establish  the  fact  that  di-,  tri-,  and 
tetramolybdates  of  potassium  are  formed  in  the  K2M0O4-M0O3  system.  Hoermann  [l] 
found  nothing  but  the  trimolybdate.  Spitsyn  and  Kuleshov  [4]  confirmed  the  forma¬ 
tion  of  potassium  di-,  tr4-,  and  tetramolybdates,  and  demonstrated  the  likelihood 
that  potassium  hexa-  and  octamolybdates  also  exist.  The  same  authors  discovered 
analogous  compounds  in  the  Rb2Mo04  -  MoOs  system.  In  contrast  to  the  preceding 
systems,  the  CS2M0O4  -  M0O3  system  has  no  dimolybdate. 

As  a  rule,  isopolymolybdates  have  not  been  isolated  from  their  melts  for 
preparative  purposes  hitherto,  nor  have  they  been  investigated  individually.  The 
only  paper  on  this  topic  is  that  by  Svanberg  and  Struve  [5]^  who  isolated  sodium 
dimolybdate  from  solution  after  treating  a  Na20’2Mo03  alloy  with  water. 

One  of  the  present  authors  [6]  has  shown  that  mixtures  of  acid  wolfra- 
mates  maj^  be  separated  by  making  use  of  the  different  rates  at  which  their  components 
react  with  water.  Acid  wolframates  containing  a  low  percentage  of  tungstic 
anhydride  (such  as  Na2W20T)  are  hydrated  fairly  readily  in  the  cold,  and  even  more 
rapidly  when  boiled,  being  converted  into  a  mixture  of  soluble  wolframates; 
usually  the  i)arawolframate  and  the  normal  wolframate.  More  highly  acid  compounds, 
such  as  the  tri-,  and  tetrawolframates,  are  hydrated  more  slowly.  They  cure  only 
slightly  soluble,  even  when  finely  pulverized  prepeurations  are  heated.  Here,  again, 
the  solution  process  consists  of  the  hydration  of  the  anhydrous  isopoly  compounds, 
converting  them  into  aquo-poly-compounds,  chiefly  metawolframates . 

The  differences  in  the  behavior  of  the  isopolywolframates  in  water,  depending 
upon  their  composition,  the  fineness  of  grind,  and  the  processing  temperature, 
make  it  possible  to  make  out  a  chemical  plan  for  investigating  systems  of  the 
Me2W04  -  WO3  type. 

We  employed  the  hydration  method  described  above  to  investigate  alloys  of 
acid  molybdates  in  order  to  securepure  individual  isopoly  compounds.  At  the  same 
time  we  were  Interested  in  settling  the  question  whether  the  compounds  detected 
by  the  method  of  thermal  analysis  during  the  initial  crystallization  of  the  alloys 
exist  at  ordinary  temperatures  or  not. 


1701 


TABLE  1 


Composition  and  appearance  of  Alloys  of  Acid  Molybdates  of  the  Alkali  Elements 


Composition 
of  alloy 

^003 

Appearance 

Found 

lated 

L..2O  ‘  2M0O3 .  . 

90.01 

90.59 

Pale-yellow  acicular  crystals 

Li20*3Mo03. . 

93.50 

93.55 

Light-gray  needles 

Li20'4Mo03. . 

95.00 

95.06 

Lustrous  gray  prisms 

Li2  0'5Mo03.  . 

95.85 

95.95 

Amber -yellow  prisms 

Na20’2Mo03. . 

82.28 

82.28 

Pale-yellow  needles. 

Na20' 3M0O3 . . 

87.39 

87.48 

Light-gray  acicular  crystals 

Na20’4Mo03 . . 

90.27 

90.51 

Gray  prisms 

Na20*5Mo03 . . 

92.00 

92.06 

Gray  prismatic  crystals 

K20*2Mo03.  . . 

[75.55 

75.56 

Pale-yellow  prisms 

K2O  *  3M0O3 ... 

82.92 

82.99 

Light-gray  needles 

K2O  4M0O3 . • . 

85.89 

85.96 

Gray  prisms 

K20'5Mo03. . . 

88.40 

88.41 

Clusters  of  gray  prisms 

Rb20*  2M0O3 . . 

60.64 

60.64 

Prisms  of  uncertain  shape 

Rb20*  5M0O3 . . 

70.15 

70.12 

Light-gray  needles 

Rb20'4Mo03. . 

75.^8 

75.49 

Gray  prisms 

Rb20*5Mo03 . 

79.28 

79.56 

Elongated  gray  prisms 

Cs20-2Mo03. . 

50.62 

50.62 

Faintly  manifested  pale-yellow  needles 

CS20*3Mo03. . 

60.51 

60.51 

Gray  needles 

Cs20*4-Mo03.  . 

66.33 

66 . 36 

Gray  prisms 

Cs20*5Mo03. . 

71.80 

71.86 

Elongated  gray  prisms 

The  experiments  on  the  hydration  of  the  isopolymolybdates  were 
carried  out  as  follows.  A  sample  of  the  finely  pulverized  preparation  was  reacted 
with  ten  times  its  weight  of  water.  The  water  treatment  was  performed  in  the  cold, 
with  periodic  stirring,  as  well  as  in  boiling  water.  In  the  former  case  the 
experiment  lasted  24  hours,  and  1  hour  in  the  latter.  Usually  several  runs  were 
made  at  room  temperature,  followed  by  1  —  5  runs  in  boiling  water.  After  the  treat¬ 
ment  with  water,  the  liquid  was  decanted  from  the  insoluble  residue,  and  a  few 
milliliters  of  a  10%  solution  of  ammonium  nitrate  were  added  to  coagulate  the 
turbiuity.  Then  the  transparent  solution  was  transferred  via  a  small  siphon  and 
evaporated  in  a  platinum  beaker.  The  dry  residue  was  calcined  and  weighed;  analysis 
indicated  the  composition  of  the  fraction  of  the  original  alloy  that  entered  solution 
The  coagulated  suspension  recovered  in  every  run  was  added  to  the  insoluble  residue, 
dried  at  120",  and  analyzed. 

For  this  investigation  we  prepared  alloys  of  the  following 
isopolymolybdates;  Me20*2Mo03,  Me20*5Mo03,  Me20*4Mo03  and  Me20'5Mo03,  for  all  the 
alkali  c lenent a.  The  isopolymolybdates  of  lithium,  sodium,  potassium,  and  rubidium 
were  prepared  by  fusing  calculated  quantities  of  molybdic  anhydride  with  the 
respective  carbonates,  normal  cesium  molybdate  being  used  for  the  cesium  salts.  The 
results  of  analysis  and  the  external  appearance  of  the  resultant  isopolymolybdate 
alloys  are  listed  in  Table  1.  The  initial  alloys  were  analyzed  gravimetrically, 
the  molybdenum  being  determined  as  lead  molybdate.  The  hydration  product  was 
analyzed  volumetrically .  A  weighed  amount  of  the  molybdate  to  be  analyzed  of  the 
order  of  0.1  g,  was  placed  in  a  250-ml  graduated  flask  and  dissolved  in  10  ml  of 
IN  sodium  hydroxide  solution.  Then  100  ml  of  distilled  water  was  added,  and  10  ml 


I 

I 


of  2N  sulfuric  acid.  To  the  solution  thus  acidulated  there  was  added  ^  g  of 
granulated  zinc  or  cadmium.  The  contents  of  the  flask  were  cautiously  heated 
to  boiling  and  then  evaporated  to  a  vol'ome  of  50  mi.  While  the  molybdenum  was 
being  reduced,  the  color  was  observed  to  change  gradualxy  from  green  to  biue, 
dark-blue,  crimson,  and  finally  dsirk-brown.  Five  ml  of  an  d'i)  solution  of  ammonl-jn 
ferric  alum  was  added  to  the  chilled  solution,  together  with  some  75  nil  of  distilled 
water.  The  resultant  transparent  light-green  liquid  was  decanted  from  the  zinc 
into  another  flask  and  titrated  with  a  0.1  N  permanganate  solution  A  blank  test 
with  pure  molybdic  anhydride  was  always  run  in  parallel  as  a  check,  the  amount  of 
the  anhydride  used  corresponding  approximately  to  its  percentage  in  the  preparation 
under  test.  This  method  yields  satisfactory  results  and  is  simpler  than  Somey  s 
amalgam  procedure. 


EXPERIMENTAL 


1.  Lithium  isopolymolybdates.  The  results  of  hydrating  alloys  of  lithium 
isopolymolybdates  are  listed  in  Tables  2  and  5.  As  we  see  in  Table  2,  the  percent¬ 
age  of  the  compounds  that  dissolves  gradually  diminishes  as  the  water  treatment 
of  a  weighed  sample  of  an  alloy  progresses.  Though,  for  example,  the  initial  water- 
leaching  of  the  Li20*5Mo03  alloy  in  the  cold  dissolved  54.2^  of  the  initial  amount, 
the  sixth  such  leaching  dissolved  less  than  1%. 

Processing  alloys  with  the  composition  of  Li20*2Mo03  and  LiaO'^MoOj  with 
cold  water  indicated  that  the  first  fraction  of  the  soluble  portion  contained 
90.1  -  90.2^  M0O3,  whereas  lithium  dimolybdate  contains  90-59^  M0O3.  This  is 
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TABLE  2 


Composition  of  the  Soluble  Portion  After  Hydration  of  Alloys  of 
Lithium  Acid  Molybdates 


LigOi Mo03 
ratio  in 
the  initi¬ 
al  alloy 

^  M0O3 
in  the 
alloy 

Initial 

weight, 

grams 

Treat¬ 

ment 

No. 

Kind 

of 

treat¬ 

ment 

Dissolved 

M0O3 ,  ^ 

Closest 

C  ompound 

Grams 

^  .f 

initial 

weight 

1-2 

90.  1 

2.016: 

1 

Cold 

1 . 8968 

94.07 

90.11 

LigMogOy 

2 

n 

0.1095 

5.1.1 

94.00 

Li2Mo40i 

Total  . 

2.0081 

99.46 

- 

- 

1 

Cold 

0.6751 

34.24 

90.18 

Li2MO20y 

2 

f  t 

0.2307 

11.70 

90.37 

1 1 

1-3 

<55. 50 

1.9705 

3 

1  r 

0.1695 

8.59 

93.35 

Li2Mo30io 

k 

1 1 

0.1338 

6.78 

93.49 

II 

:  -  6 

t  t 

0.1160 

5.87 

54.50 

Li;  MO4O1 

T-tal.. 

1.3251 

07.18 

1 

Cold 

0.2575 

^  13.00 

90.61 

Li2Mo20'7 

2 

1  1 

0.2133 

10.77 

91.35 

V  \ 

1:4 

95  00 

00 

0 

1— 1 

5 

tf 

0.1776 

8.93 

92.03 

Li2Mo30i 0 

4 

f  1 

0.1396 

7.05 

93.10 

1  1 

1 1  « 

0.0729 

^  6“^ 

94.66 

Li2Mo40i ^ 

Total 

O.'^'jCC  ' 

43.40 

- 

- 

1 

Cold 

0.6986 

17.47 

90.97 

Li2MO20-7 

2 

If 

0.4573 

11.44 

91.95 

M 

1:5 

95.85 

3.9990 

3 

1  1 

0.3898 

9.75 

92.27 

Li2Mo30io 

k 

t  t 

0.3045 

7.61 

92.43 

W 

5 

f  t 

0.2794 

6 . 74 

93.20 

1 

6-7 

f  t 

0.4797 

11.99 

93.60 

t 

8 

Hot 

0.5302 

13.25 

94.70 

Li2MO40i;: 

Total  . 

3.1395 

7S.25 

— 

— 

TABLE  3 


Composition  of  the  Insoluble  Residues  After  Hydration  of  Alloys  of 

Lithium  Acid  Molybdates 


Li2 ’ M0O3 
ratio  in 
the 

initial 

Per  cent 
M0O3  in  the 
alloy 

Initial 

weight, 

grams 

Insoluble 

residue 

Per  cent 
M0O3 

Closest 

compound 

Grams 

Per  cent  of 

initial 

weight 

1  •  2 

90.^  1 

2.0185 

0.0087 

0.43 

Not  de- 

- 

termined 

1  :  3 

95.50 

1.9705 

0.6455 

52.71 

97.87 

M0O3 

1  :  4 

95.00 

1.9801 

1 . 1189 

56.57 

99.05 

:  1 

1  •  5 

95.85 

3.9990 

0.8528 

20.85 

99.98 

1 1 

1 

unmistakable  evidence  that  the  lithium  dimolybdate  present  decomposps  partially, 
possibly  even  during  its  very  crystallization,  to  form  the  normal  molybdate  and 
some  more  highly  acid  compound,  say  the  tetramolybdate  anhydride. 

Lithium  dimolybdate  is  likewise  found  in  the  alloys  of  the  LigO’^MoOa 
and  Li20*5Mo03  type,  as  is  shown  by  analysis  of  the  initial  fractions  of  their 
soluble  portions.  In  the  presence  of  a  certain  excess  of  molybdic  anhydride  the 
decomposition  of  the  dimolybdate  is  apparently  diminished,  in  accordance  with 
the  following  equation  or  a  similar  one:  Li2Mo207^  Li2Mo04  +  M0O3.  In  part¬ 
icular  the  initial  fraction  of  soluble  matter  secured  in  the  hydration  of  the 
Li20*4Mo03  alloy  has  exactly  the  same  composition  as  lithium  dimolybdate.  The 
analogous  fraction  secured  after  the  water  processing  of  the  Li20*5Mo03  alloy 
is  somewhat  conteiminated  by  more  highly  acid  compounds  (it  contains  90.97^ 

M0O3  as  against  the  90.591^  required  for  Li2Mo207) . 

The  fact  that  lithium  dlmolybdate  is  found  in  all  the  alloys  investigated, 
from  Ll20*2Mo03  to  Li20’5Mo03,  enables  us  to  assert  on  the  basis  of  the  phase 
rule  -  that  at  room  temperature  the  Li2Mo04  -  M0O3  system  can  contain  in  add¬ 
ition  to  the  dimolybdate,  only  one  other  compound,  richer  in  molybdenum,  which 
is  common  to  all  the  alloys  mentioned. 

None  of  the  tested  alloys  of  lithium  acid  molybdates  dissolves  complet¬ 
ely  in  water,  all  of  them  leaving  more  or  less  of  an  insoluble  residue,  de¬ 
pending  upon  their  composition.  The  amount  of  the  residue  increases  as  the 
acidity  of  the  compounds  rises.  Table  5  gives  the  composition  and  magnitude  of 
the  insoluble  residues  secured  after  processing  veurious  alloys  of  lithium  acid 
molybdates  with  water. 

The  insoluble  residues  left  behind  after  the  water -processing  of  all  the 
tested  alloys  of  lithlm  acid  molybdates  consist  essentially  of  molybdic  anhydride, 
their  M0O3  content  ranging  from  97-97  to  99-98^-  In  the  Li20*2Mo03  alloy  the 
Insoluble  residue  could  not  be  analyzed  owing  to  its  smallness.  Its  qualita¬ 
tive  properties  indicated,  however,  that  it,  too,  was  molybdic  anhydride. 

The  amount  of  insoluble  residue  obtained  after  hydrating  Li20’3Mo03  and 
Li20*4Mo03  alloys  is  fairly  close  to  the  quantity  corresponding  to  the  presence 
of  a  mixture  of  lithium  dimolybdate  and  molybdic  anhydride  in  these  alloys: 

Li20*3Mo03  Li^02  O7  +  M0O3 

and 

Li20’^Mo03  =  Li2M32  O7  +  2M0O3 

In  the  former  case  the  alloy  ought  to  contain  free  molybdic  anhy¬ 

dride  (the  insoluble  residue  totalled  52.71'3t).  The  theoretical  percentage  of 
free  M0O3  in  the  Li20*4Mo03  alloy  is  47.5^^,  whereas  the  insoluble  residue 
totalled  56.57^-  These  figures  cannot  be  expected  to  coincide  accurately,  to 
be  sure,  since  the  insoluble  residue  will  still  contain  traces  of  the  dimolyb¬ 
date  if  leaching  is  inadequate,  while  too  intensive  leaching  will  cause  even 
the  molybdic  anhydride  to  dissolve  perceptibly.  This  is  the  reason  for  the 
lowered  yield  of  the  insoluble  residue  in  the  test  of  the  Li20*5Mo03  alloy,, 
in  which  the  final  leaching  operation  was  performed  by  boiling  (the  insoluble 
residue  totalled  whereas  the  alloy  should  contain  57 -61^  of  free  M0O3 

according  to  calculations).  It  should  be  added  that  the  increased  solubility 
of  the  molybdic  anhydride  may  be  caused  by  its  reacting  chemically  with  the 
hydrolysis  products  of  the  lithium  dimolybdate  (see  below:  experiments  on 
hydrating  sodium  isopolymolybdates). 

The  average  composition  of  the  intermediate  fractions  obtained  in  pro¬ 
cessing  the  alloys  of  the  lithium  acid  molybdates  with  water  resembles  that 
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of  the  trimolybdate  in  some  instances  and  that  of  the  tetramolybdate  in  others, 
though  we  can  hardly  say  that  these  compounds  are  present  in  the  initial  alloys. 
It  is  more  likely  that  when  the  product  treated  with  water  contains  a  high 
percentage  of  molybdic  anhydride,  more  of  the  M0O3  dissolves  as  indicated  above, 
owing  to  its  chemical  interaction  with  the  products  of  the  hydrolysis  of  the 
lithium  diraolybdate. 

Hence,  our  investigation  of  alloys  of  lithium  acid  molybdates  by  the 
hydration  method  enables  us  to  make  the  confident  assertion  that  they  contain 
only  two  compounds  -  lithium  dimolybdate  and  free  molybdic  anhydride.  Compounds 
such  as  lithium  tri-  and  tetramolybdate,  if  formed  during  crystallization,  are 
evidently  decomposed  completely  during  the  cooling  of  the  alloy. 

2.  Sodium  Isopolymolybdates .  Processing  alloys  of  sodium  acid  molybdates 
with  water  yielded  results  that  resembled  those  described  for  the  lithium 
iSwpoly..;olybdates .  The  respective  experimental  data  are  given  in  Tables  4  and 
5.  Leaching  the  soluble  matter  out  of  the  Na20*2Mo03  and  NagO'^MoOs  alloys  with 
cold  water  indicated  that  the  initial  fractions  contained  81.9I  and  82.39^  of 
molybdic  anhydride,  respectively.  This  is  extremely  close  to  the  composition  of 
sodium  dimolybdate  (containing  82.28^  M0O3  theoretically; .  Sodium  dimolybdate 
was  likewise  found  in  the  Na20*4Mo03  and  Na20*5Mo03  alloys.  Analyses  of  the 
initial  fractions  of  these  alloys  indicated,  however,  a  slightly  higher  M0O3  con¬ 
tent  (83.27  and  83. 391(1;,  which  must  be  attributed  to  the  dissolution  of  the  more 
highly  acid  compounds  in  the  rather  insoluble  residue. 

TABLE  4 


Composition  of  the  Soluble  Portion  After  Hydration  of  Alloys 
of  Sodium  Acid  Molybdates 


Na20!Mo03 

^  M0O3 

Initial 

Treat- 

Kind 

ratio  in 

in  the 

weight. 

ment 

of 

the  ini- 

alloy 

grams 

No. 

treat- 

tial  alloy 

ment 

1 

Cold 

1  :  2 


1  :  5 


1  :  4 


1  :  5 


Dissolved 


82.28  3.9991 


87.39  I  4.0020 


90.27  4.0039 


92.00  4.0000 


Total , 


1  Cold 

2  " 

3 

4-5  " 


Total , 

1 

2 

3 

4 

5-6 

Total, 


2.5495 

1.0704 

0.3256 

0.0468 

3.9923 

2.5176 

1.1815 

0.1486 

0.0477 

3.895^ 

1 . 7262 
1.0323 
0.4508 
0.2696 

0.1413 

3.6202 

1.4857 

0.8972 

0.2567 

0.1560 

0.2556 


63.75 

26.76 


99.84 

62.91 
29.52 
.  3.73 
1.19 

97.3^ 

43.19 

25.78 

11.26 

6.73 

3.43 

90.39 

37.16 

22.45 

5.92 

3.89 

6.39 


3,  It  Closest 
compound 


81.91 

82.27 

82.57 

Not  deter- 
mined 

82.39 
86.52 
90.65 

Not  deter- 
mined 

83.27 
88.59 
90.13 
90.97 

91.39 

83.93 

89.71 

90.97 

91.03 

96.70 


Na2Mo2  Oy 


Na2MD2  Oy 
Na2MO30io 

Na2MO40i3 


Na2MO207 

Na2Mo30io 

Na2Mti40i3 


Na2MO20y 

Na2M030io 

Na2M040i3 

II 

Na2Mo40i3 


ii 


) 


I 


f 

i 


I 


! 
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TABLE  5 


Composition  of  the  Insoluble  Residues  After  Hydration  of  Alloys 
of  Sodium  Acid  Molybdates 


Nap :Mo03 
ratio  in 
the  initial 
alloy 

Per  cent 
M0O3  in  the 
alloy 

Initial 

weight, 

grams 

Insoluble 

residue 

Per  cent 
M0O3 

Closest 

Compound 

Grams 

Per  cent  of 
initial 
weight 

1  :  2 

82.28 

3.9991 

0.003^ 

0.09 

Not  deter- 

- 

mined 

1  :  3 

87.39 

k , 0020 

0.1052 

2.63 

99.99 

M0O3 

1  :  4 

90.27 

k.0039 

0.3637 

9.02 

99.47 

\\ 

1  :  5 

92.00 

4 . 0000 

0.9560 

23.90 

99.99 

\\ 

The  presence  of  sodium  dimolybdate  in  all  the  alloys  tested,  even  in  the 
most  highly  acid  ones,  forces  us  to  conclude  that  if  a  more  highly  acid  compound 
is  present  in  the  systems  tested,  it  must  be  identical  in  all  the  alloys. 

Pure  sodium  dimolybdate  apparently  fuses  with  some  decomposition  as  follows: 
NapMopOT  ^NapMnOA  +  M0O3.  This  is  evidenced  by  the  fact  that  the  percentage 
of  molybdic  anhydride  in  the  initial  lixiviation  fraction  of  the  NapO  2M0O3 
alloy  is  perceptibly  below  th»  theoretical  figure.  The  decomposition  of  the 
dimolybdate  diminishes  in  the  more  highly  acid  alloys,  the  composition  of  the 
1st  leaching  fraction  of  the  NapO  3M0O3  alloy  being  exactly  the  same  as  that 
of  the  dimolybdate. 

Table  4  shows  that  the  insoluble  residue  left  after  the  NapO-^MoOp, 
NapO'^MoOp,  and  NapOr^MoOp  alloys  are  hydrated  consists  of  pure  molybdic  anhydride 
(containing  99-^7  -  99*99^  M0O3J.  We  were  unable  to  analyze  the  insoluble  res¬ 
idue  of  the  NapO  2M0O3  alloy  owing  to  the  minute  quantity  available,  but  qualita¬ 
tive  tests  indicated  that  it  was  molybdenum  trioxide  as  well. 

Thus,  the  only  compound  we  can  expect  to  find  in  alloys  of  sodium  acid 
molybdates  is  NapMopOy.  Even  if  sodium  tri-  or  tetramolybdate  is  formed  during 
solidification  of  the  melt  in  question,  these  compounds  evidently  break  down 
during  subsequent  cooling.  The  size  of  the  insoluble  residue  increases  with 
the  percentage  of  molybdic  anhydride  in  the  alloys.  It  is  worthy  of  note,  however, 
that  alloys  of  sodium  acid  molybdates  whose  molecular  composition  resembles  that 
of  lithium  molybdates  always  yield  less  insoluble  residue.  For  the  NapO- 3M0O3 
alloy,  for  example,  the  insoluble  residue  was  2.65^  of  the  Initial  weight,  whereas 
the  insoluble  residue  of  the  corresponding  lithium  alloy  is  12  time's  as  great. 

This  must  appairently  be  attributed  to  the  fact  that  the  hydration  products  of  the 
alloys  of  sodium  acid  molybdates  react  with  the  insoluble  residue  to  a  greater 
extent.  And,  in  accordance  with  this  principle,  a  second  processing  of  the 
NapO'5Mo03  alloy  with  water  causes  about  30^  of  the  initial  weight  to  enter  solu¬ 
tion,  its  average  composition  approaching  that  of  NapMopOy. 

On  the  assumption  that  the  only  constituents  present  in  solidified  alloys 
of  sodium  acid  molybdates  are  NapMopOy  and  M0O3,  we  can  represent  these  alloys  as 
mixtures  of  the  following  composition: 

NapO'3Mo03  =  NapMopOy  +  M0O3, 
and 

NapO'^MoOp  =  NapMopOy  +  2M0O3 
'  NapO"5Mo03  =  NapMopOy  +  3Mo03* 
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In  this  case  the  NagO  3M0O3  alloy  ought  to  contain  29.15^  of  free 

molybdic  anhydride  (the  insoluble  residue  was  found  to  be  2.63^).  The 

theoretical  content  of  free  M0O3  in  the  NapO  ^MqOs  and  Na^O  5M0O3  alloys 
should  equal  45.1^  and  respectively  (the  insoluble  residues  were  found 

to  total  9*02  and  23-90^,  respectively).  The  following  considerations  must  be 

borne  in  mind  in  any  attempt  to  explain  these  singularities  in  the  behavior  of 

sodium  acid  molybdates.  E.F. Krauze  and  A. V. Novoselova  [7]  found  that  the 
solubility  of  molybdic  anhydride  in  water  at  room  temperature  was  0.8  gram/ 
liter.  Our  experiments  on  the  processing  of  molybdic  anhydride  with  water  un¬ 
der  the  conditions  ordinarily  employed  for  hydration  have  shown  that  100ml  of 
water  dissolves  O.O6  g  M0O3  in  the  cold  in  2k  hours.  When  the  processing  is 
effected  with  a  solution  that  contains  0.2  g  of  sodium  dimolybdate  in  100ml  of 
water,  the  solubility  of  the  molybdic  anhydride  is  increased  by  a  factor  of  2.1. 
Thus,  there  is  no  doubt  that  aqueous  sodium  molybdates  react  with  molybdic  anhy¬ 
dride  . 

3.  Potassium  isopolymolybdates.  Lixiviation  of  alloys  of  potassium  acid 
molybdates  with  water  yields  results  that  diverge  meurkedly  from  those  secured 
in  water-processing  of  the  respective  preparations  of  lithium  and  sodium  (see 
Tables  6  and  7)- 

TABLE  6 


Composition  of  the  Soluble  Portion  After  Hydration  of  Alloys 
of  Potassium  Acid  Molybdates 


K2  0 1 M0O3 

io  M0O3 

Initial 

'Preat- 

Kind 

Dissolved  | 

M0O3, 

Closest 

ratio  in 

in  the 

weight. 

ment 

of 

^  of 

I0 

compound 

the  init- 

alloy 

grams 

No. 

treat- 

Grams 

initial 

ial  alloy 

ment 

weight 

1 

Cold 

1.0954 

27.39 

61.57 

K2M0O4 

2 

It 

0.2005 

5.01 

65.94 

1  \ 

1  :  2 

75.35 

3.9995 

5 

It 

0.1209 

5.02 

65.87 

It 

4  -  6 

It 

0.1772 

4.45 

85.19 

K2M03O1 0 

7 

Hot 

0  0620 

1.55 

Not  deter- 

mined . 

- 

Total 

.  1 . 5500 

4l  .40 

1 

Cold 

0.4585 

11.46 

62.90 

K2M0O4 

2 

M 

0.1293 

5.23 

81.34 

K2M03O10 

1  :  3 

82.92 

4 . 0015 

3-  4 

1  1 

0.1758 

4.40 

82.17 

1 

5-6 

1  1 

0.1247 

5.12 

82.57 

\  1 

7 

Hot  - 

0.0555 

1.39 

Not  deter- 

mined . 

- 

Total 

0.943ti 

0.1056 

23'.  60' 

2.59 

1 

Cold 

19.14 

KpM  O'tOi  n 

1  :  4 

85.89 

4.0008 

2-6 

7 

W 

Hot 

0.1374 

0.5198 

3.42 

7.99 

81.08 

85.28 

K2M  O4O13 

8 

\\ 

0.5025 

7.56 

85.59 

n 

Total 

0.8d53 

0.1347 

21.50 

1 

Cold 

3.37 

80.89 

K2M  O'Pio 

2 

1 1 

0.1042 

2.60 

81.43 

1  :  5 

88.40 

4.0016 

5-4 

.• 

0.1654 

4.13 

82.25 

> 

5-6 

1  1 

0.1410 

5.51 

85.12 

% 

7 

Hot 

0.5140 

12.85 

85.43 

K2M04  0i3 

8 

\  \ 

0.4465 

11.16 

85.55 

It 

Total 

.... - 

1.5058 

37.62 

- 

The  action  of  cold  water  upon  the  KgO  2M0O3  and  K^O  3M0O3  alloys  indicated 
that  the  molybdic  anhydride  constituted  only  61.57  and  62. 90^,  respectively 
of  the  initial  fraction  of  the  soluble  portion,  which  is  the  figure  for 
normal  potassium  molybdate  <^K£)Mo04  contains  60.40^  M0O3).  A  more  acid  moly¬ 
bdate  apparently  also  dissolves  alongside  the  normal  molybdate  to  some  extent. 

As  a  result,  even  the  initial  fractions  resulting  from  the  aqueous  lixiviation 
of  alloys  of  potassium  acid  molybdates  have  a  somewhat  higher  percentage  of 
molybdic  anhydride  than  is  called  for  by  K2M0O4.  There  is  no  doubt  that  the 
normal  potassium  molybdate  is  likewise  present  in  alloys  of  the  K2O  4Mo03 
and  KgO  5M0O3  type,  as  may  be  seen  from  the  qualitative  observations  made  on 
the  initial  fractions  of  their  soluble  portion.  These  fractions,  after  having 
dried  and  fused  for  analysis,  were  white  in  color  and  perceptibly  hygroscopic 
(a  property  of  normal  potassium  molybdate).  These  fractions  had  a  high  percent¬ 
age  of  molybdic  anhydride  (79*1^  and  80.89%  respectively),  approaching  that  of 
the  compound  K2M03O10J  on  the  average.  It  should  be  noted  that  the  volume  of 
the  initial  fractions  resulting  from  the  cold-water  treatment  drops  consider¬ 
ably  as  the  percentage  of  M0O3  in  the  tested  preparations  rises  (Table  6) . 

The  total  soluble  portion  drops  particularly  sharply  in  the  case  of  the  alloy 
K2O  4M0O3,  the  drop  remaining  essentially  the  same  in  the  alloy  K2O  5M0O3. 

As  Table  7  shows,  the  insoluble  residue  left  after  the  processing  of  all  the 
tested  alloys  of  potassium  acid  molybdates  with  water  is  mainly  the  potassium 
tetramolybdate,  K2M04O13,  corresponding  to  the  theoretical  content  of  89.98% 
M0O3.  The  insoluble  residues  of  the  alloys  K2O  2M0O3  and  K2O  3M0O3  contained 
86.02  and  86.10^  of  molybdic  anhydride,  respectively.  When  fused  for  analysis, 
it  consisted  of  gray  crystals  that  resembled  the  prisms  of  potassium  tetramol¬ 
ybdate  recovered  from  the  respective  melts. 

The  K2O  ^MqOs  and  K2O  5M0O3  alloys  exhibited  a  higher  percentage  of 
molybdic  anhydride  in  the  insoluble  residue,  to  wit,  87.^1  and  87.67%  of  M0O3, 
respectively,  figures  that  lie  between  those  for  K2MO4O13  and  K2M:.50i6. 

The  amount  of  insoluble  residue  secured  after  hydration  of  the  alloys 
with  a  composition  of  K2O  2M0O3  and  K2O.5M0O3  was  fairly  close  to  what  would 
correspond  to  the  presence  of  a  mixture  of  potassium  normal  molybdate  and 
tetramolybdate,  viz: 

3(K20*3Mo03^  =  2K2M0O4  +  KMO4O13 
and 

3  (K2O  *31^003;  =  K2M0O4  +  2K2M04O13. 

In  the  former  case  the  alloy  ought  to  contain  96.^9%  of  potassium 
tetramolybdate  (the  insoluble  residue  was  found  to  be  96.^9%)-  The  theoretical 
percentage  of  the  tetramolybdate  in  the  K20*3Mo03  alloy  is  84.91^  (the 
insoluble  residue  was  found  to  be  7^-69%). 

These  experimental  data  seem  to  indicate  that  under  the  conditions  of  our 
tests  normal  potassium  molybdate  dissolves  in  cold  water  completely,  while  the 
tetramolybdate  dissolves  but  slightly.  The  tetramolybdate  dissolves 
appreciably  in  boiling  water,  however,  as  may  be  seen  in  hydration  experiments 
Numbers  7  and  8  with  the  K20'4Mo03  alloy  (Table  6).  The  dissolved  product 
contained  85.28  —  89.99%  of  molybdic  anhydride.  In  analogous  tests  of  the 
alloy  K20*5Mo03,  the  hot-hydration  fraction  contained  85.43  —  85-55']^  M0O3 
(K2J'^ '40i3  contains  85.96%  M0O3). 

When  we  compare  the  last  fractions  of  the  cold- hydration  tests  with 
tests  in  which  hot-water  processing  was  used,  we  note  that  raising  the 
temperature  increases  the  quantity  of  material  dissolved  out  the  K20’2Mo03  and 
K20’3Mo03  alloys  only  slightly.  A  similar  shift  from  cold-water  to  hot-warer 
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hydration  of  the  alloys  K20*4Mo03and  K20*5McD3  results  in  a  much  greater  increase 
in  the  weight  of  the  dissolving  fractions  (by  a  factor  of  8  to  I5).  It  may 
be  that  this  is  affected  by  the  differing  size  of  the  alloy  crystals. 


TABLE  7 

Composition  of  the  Insoluble  Residues  After  Hydration  of  Alloys  of  Potassium 

Acid  Molybdates 


K2 •  M003 
ratio  in 
the 

initial 

alloy 

Per  cent 
M0O3  in  the 
alloy 

Initial 

weight, 

grams 

Insoluble 

residue 

Per  cent 
M0O3 

Closest 

compound 

Grams 

1  :  2 

75.55 

3.9993 

2.3593  ■ 

58.49 

86.02 

K2M04O13 

1  :  3 

82.92 

I4.OOI5 

3.0367 

75.89 

86.10 

«r 

1  :  L 

85.89 

4.0008 

3.1140 

77.84 

87.41 

K2M04O13  + 

+  M0O3 

1  :  5 

88  LO 

0016 

2.4757 

61.87 

87.67 

f* 

No  special  study  was  made  of  the  nature  of  the  process  involved  in  the 
dissolution  of  potasi'^m  tetramclybdate .  There  is  no  doubt,  however,  that  this 
is  a  complex  process  and  largely  involves  a  transition  to  potassium 
aquopolymolybdates .  Potassium  tetramolybdate  appeirently  is  partially  decomposed 
at  the  temperature  at  which  it  separates  out  from  the  melt.  Inasmuch  as  no 
dimolybdate  was  found  in  the  K20*2Mo03  alloy,  while  potassium  trimolybdate  was 
found  in  the  K2O  3M0  alloy,  it  must  be  assumed  that  the  tetramolybdate 
decomposes  as  follows:  K2M04O13  ^  K2M0O4  +  3M0O3. 

The  normal  potassium  molybdate  is  a  constituent  of  the  K20*2Mo03  and 
K20*3Mo03  alloys,  separating  out  of  the  melt  in  equilibrium  with  the 
tetramolybdate.  Here  again  the  percentage  of  the  K2M0O4  in  the  alloy  is  much 
higher.  In  the  alloys  with  the  composition  of  K20"LMo03  and  K20*5Mo03,  however, 
the  normal  potassium  molybdate  is  present  only  as  a  product  of  the  partial 
decomposition  of  the  tetramolybdate,  decomposing  during  the  water  processing 
and  contaminating  the  tetramolybdate  seriously. 

The  average  composition  of  the  intermediate  fractions  secured  in  the 
water -processing  of  alloys  of  potassium  acid  molybdates  (such  as  Fractions  h-6 
of  the  K20*2Mo03  and  Fractions  2-7  of  the  K2O  MoO  alloysj  resembles  that  of 
potassium  trimolybdate.  Everything  that  has  been  set  forth  above,  however, 
forces  us  to  ass.ame  that  they  are  mixtures  of  normal  potassium  molybdate  and 
the  tetramolybdate,  a  small  quantity  of  which  (say,  some  two  per  cent  of  the 
initial  weight J  may  enter  solution  under  our  experimental  conditions. 

Thus,  investigation  of  alloys  of  potassium  acid  molybdates  by  the  method 
of  fractional  lixiviaticxi with  water  indicates  that  they  contain  only  one 
isopolymolybdate  —  K2M04O13.  The  K20*2Mo03  and  K20'3Mo03  alloys  contain  the 
normal  molybdate  in  addition  to  the  tetramolybdate,  while  the  K20*LMo03  alloy 
consists  chiefly  of  potassium  tetramolybdate  with  traces  of  K2M0O4  and  M0O3 
due  to  the  partial  decomposition  of  the  tetramolybdate.  In  the  more  highly 
acid  alloy,  K20*5Mo03,  it  would  seem  that  no  new  isopolymolybdates  are  formed, 
the  alloy  containing  the  tetramolybdate  mixed  with  free  molybdic  anhydride  and 
a  trace  of  the  normal  molybdate. 
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4.  Isopolymoybdates  of  rubidium  and  cesium.  The  date  on  the  action  of 
water  upon  alloys  of  the  acid  molybdates  of  rubidium  and  cesium  are  listed 
in  Tables  8,  9)  10,  and  11.  These  results  are  similar  and  remind  one  of  those 
described  above  for  the  potassium  preparations.  V/hen  the  alloys  Rb20’2Mo03  and 
Cs20*2Mo03  were  treated  with  water,  the  initial  fractions  of  the  soluble 
portion  contained  43.65  and  34.06^  of  molybdic  anhydride  respectively.  Under 
analogous  conditions,  compounds  with  a  somewhat  higher  content  of  molybdenum 
trioxide  (46.03  and  37-56^  M0O3,  respectively;  entered  solution  from  the 
Rb20*3Mo03  and  Cs20*3Mo03  alloys.  The  composition  of  the  foregoing  fractions 
is  closest  to  that  of  the  aurmal  molybdates  of  rubidium  and  cesium  (Rb2Mo04 
contains  41.54^  M0O3,  while  CS2M0O4  contains  33*82*3^  M0O3).  In  addition  to  the 
normal  molybdates,  these  alloys  also  contain  more  highly  acid  compounds, 
hydration  of  these  latter  causing  the  soluble  fractions  to  display  a  higher 
content  of  molybdic  anhydride  than  the  percentage  required  for  normal 
molybdates  (Tables  8  and  9) • 


TABLE  8 


Composition  of  the  Soluble  Portion  After  Hydration  of  Alloys  of  Rubidium  Acid 

Molybdates 


Rb20; M0O3 
ratio  in 
the  initi¬ 
al  alloy 

^003 
in  the 
alloy 

Initial 

weight, 

grams 

Treat¬ 

ment 

No. 

Kind 

of 

treat¬ 

ment 

Dissolved 

M0O3 ,  ^ 

Closest 

compound 

Grams 

io  of 

initial 

weight 

1 

cold 

1.1450 

28.62 

43.65 

Rb2Mo04 

2 

II 

0.9483 

23.69 

52.57 

RbgMogOy 

1  :  2 

60.64 

4.0012 

3 

" 

0.8565 

21.40 

53.03 

It 

4 

1 1 

0.5643 

14.43 

53.87 

It 

5 

1  1 

0.1585 

5.45 

55.92 

t\ 

Total . 

3.6526 

91.59 

— 

— 

1 

cold 

0.2457 

6.14 

41.03 

Rb2Mo04 

2 

If 

0.1319 

3.50 

65.94 

Rb2MO30i 0 

3 

M 

0.1113 

2.78 

66.77 

f  1 

4  and5 

1 1 

0.2110 

5.27 

67.85 

1  1 

1  :  5 

70.13 

3.9995 

6 

hot 

0.5261 

13.15 

73.45 

Rb2MO40i3 

7-9 

1  1 

0.2542 

5.85 

75.02 

II 

Total . 

1.4o02 

56.49 

_ 

_ 

1 

cold 

0.0813 

2.02 

72.32 

Rb2Mo30io 

2-5 

It 

0.0833 

2.09 

74.86 

Rb2MO402.3 

1  :  4 

75.48 

4 . 0001 

6 

hot 

0.1208 

3.02 

75.02 

I  \ 

7-9 

1 1 

0.1995 

4.95 

75.21 

n 

Total . 

0.4847 

12.08 

— 

— 

1 

cold 

0.0974 

2.43 

73.19 

Rb2Mo30io 

2-5 

1  « 

0.1070 

2.67 

75.02 

Rb2Mo40i3 

1  :  5 

79.28 

4.0000 

6 

hot 

0.1295 

5.23 

75.61 

1  \ 

7-9 

It 

0.5104 

7.75  .. 

75.73 

1 1 

Total . 

0.6545 

16 ' 08 

— 

It  is  likely  that  the  normal  molybdates  of  rubidium  and  cesium  are  also 
present  in  the  alloys  of  the  Me20*4Mo03  and  Me20‘5Mo03  type.  Qualitative 
observations  indicate  that  the  initial  fractions  of  the  soluble  portion  of  these 
alloys  possess,  after  drying  and  calcination,  some  of  the  properties  of  the 
normal  molybdates  of  rubidium  and  cesium  such  as  their  hygroscopicity .  The 
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percentage  of  molybdic  anhydride  in  these  products  was  perceptibly  higher, 
however,  than  the  figure  required  for  normal  molybdates,  being  closer  to  the 
trimolybdates.  We  see  in  Tables  10  and  11  that  the  insoluble  portion  left 
after  all  these  alloys  of  the 'acid  molybdates  of  rubidium  and  cesium  had 
been  processed  with  water  had  a  composition  resembling  that  of  the 
tetramolybdates . 


TABLE  9 


Composition  of  the  Soluble  Portion  After  Hydration  of  Alloyr  Cesium 

Acid  Molybdates. 


Cc2C--M_0, 
ratio  in 
the  init¬ 
ial  alloy 

^oOs 
in  the 
alloy 

Initial 

weight, 

grams 

Treat¬ 

ment 

No. 

Kind 

of 

treat¬ 

ment 

Dissolved 

M0O3 ,  io 

Closest 

compound 

Grams 

i  of 

initial 

weight 

1 

cold 

0.6469 

32.52 

34.06 

CS2M0O4 

2 

« 1 

0.3067 

15.35 

45.27 

C  S2M020'7 

1  :  2 

50.62 

2.0013 

5,^,5 

1 1 

0.1833 

9.15 

45.08 

'  ' 

6 

hot 

0.2655 

13.27 

59.35 

C  S2M03O10 

,8,9 

1  1 

0.2588 

15.44 

61.11 

1 1 

Total. . 

1.6612 

83.51 

— 

— 

1 

cold 

0.2240 

11.19 

37.36 

CS2M004 

2 

1  1 

0.0905 

4.52 

45.76 

C  S2MO20y 

1  :  5 

60.51 

2 . 0010 

5^,5 

1  ( 

0.2550 

12.65 

61.19 

CS2MO3O10 

6 

hot 

0 . 3582 

16.19 

64.89 

CS2MO4O13 

7,8^9 

M 

0.5659 

18.29 

65.12 

1 1 

Total . 

02.82 

_ 

1 

cold 

7.39 

58.70 

C  S2M03O10 

1  :  k 

66.33 

2,3, 

1  t 

^,5 

1  1 

0.1765 

8.80 

65.85 

C  S2M04O13 

6,7, 

8,9 

hot 

0.1409 

7. 03 

66.04 

II 

Total. . 

0.4657 

23.22 

— 

— 

.  1 

cold 

0.0739 

3.69 

59.85 

CS2M03010 

1  :  5 

71.80 

2 . 0022 

2,5, 

^,5 

0.0371 

1.84 

66.05 

C  S2MO40 1  3 

6,7, 

8^9 _ 

hot 

0.1417 

7  7  c. 

_ L  *  _ 

66.56 

L 

Total . 

0.2587 

12.88  1  — 

- 

The  residue  left  after  hydration  of  alloys  of  the  Me20*2Mo03  and  MegO'^MoOs 
types  contained  75*05  and  76.65^  respectively,  of  M0O3  in  the  rubidium  preparations 
and  65.^2  and  66.83^  respectively,  in  the  cesium  preparations  (the  theoretical 
content  of  molybdic  anhydride  is  75*^9'3(»  in  Rb^04Ci3  and  66.36^  in  CS2M04O13. 

In  the  alloys  of  the  Me^O  UM0O3  and  Me20'5Mo03  types,  the  insoluble  portions 
exhibited  a  somewhat  higher  percentage  of  molybdenum  trioxide,  namely  :  76. 07  and 
77*lS^  M0O3  ■  respectively,  in  the  rubidium  preparations  and  67. 30  and 
M0O3,  respectively  in  the  cesium  preparations.  The  residues  after  hydration  of 
the  '  .  Rb20  2M,.03  and  CS2O  .  M0O3  a-loys  consisted,  after  they  had  been  dried  aid 
calcined,  of  gray  pr '  siu  ,  the  form  of  ■'..'hich  resembled  that  of  the  crystals  of 
potassium  tetramolybaat.  .  The  percentage  >f  molybdic  .mhydride  in  the  insoluble 
hydration  residues  of  the  alloys  Rb20  UM0O3,  Rb20  5M0O3,  .CS2O  ^MoOs,  and  CS2O  51^003 
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TABLE  10 


Composition  the  insoluble  Residues  After  Hydration  of  Alloys  of  Rubidium  Acid 

Molybdates 


Rb2 1 M0O3 
ration  in 
the  init¬ 
ial  alloy 

%  M0O3 
in  the 
alloy 

Initial 

weight, 

grams 

Insol’ 

;ble  residue 

^oOo 

Closest  compou-'  d 

Grams 

%  of  initial 
weight 

1  ;  2 

-o.r:^ 

4  0012 

0  5328 

5T32 

75.05 

Rb2MO40i.3 

1  :  3 

70.13 

2.5124 

62.81 

76.63 

Rb2Mo40i3  +  M0O3 

1  :  4 

75.48 

3.5034 

87.58 

76.07 

1  t  5 

79.28 

5.3438 

83.60 

77.18 

ft 

TABLE  11 

Composition  of  the  Insoluble  Residues  after  Hydration  of  Alloys  of  Cesiion  Acid 

Molybdates 


C  Sp t  M0O3 
ratio  in 
the  init¬ 
ial  alley 

Initial 

weight, 

grams 

Insoluble  residue 

Closest  compou 

Grams 

%  of  initial 
weight 

1  :  2 

50.  n2 

2.0013 

0.5065 

15.52 

15.42 

CS2MO40i3 

1  :  3 

60.51 

2 , 0010 

0.7124 

36.05 

66.83 

" 

1  *.  4 

66.53 

2.0033 

1.5192 

75.83 

67.30 

C  S2MO40i3'‘"Mo03 

1  :  5 

71.80 

2.0022 

1.7223 

86.02 

71.94 

ff 

somewhat  exceeded  the  content  required  for  the  tretramolybdates,  but  in  the  case  of 
rubidium  it  did  not  attain  the  figure  corresponding  to  the  composition  of  tne 
pentamolybdate . 

Thus,  as  was  the  case  in  our  investigation  of  the  potassium  molybdates,  the 
tested  alloys  of  the-acid  molybdates  of  rubidi-um  and  cesium  of  the  Me^^O'PMoC^ 
and  Me20*’Mo0-  typ<es  consisted  of  mixtures  of  the  normal  molybdates  and  the 
tetramolybdates .  The  more  highly  acid  alloys  -  with  a  composition  of  MeijO’^MoO^  - 
sire  distinguished  by  partial  decomposition  of  the  tetramolybdate  they  co  tain, 
as  follows;  MepMo^Oi-^^  ^  Me2Mo04  +  3MoO,3.  That  is  why  these  alloys  contai' 
molybdic  anhydride  and  "^he  corresponding  normal  molybdates  in  addition  to  the 
tetramolybdates  There  is  less  of  the  normal  molybdates  present,  however,  than 
in  the  preparations  with  the  composition  of  Me20*2MoO,3  and  Me20*3Mo03.  Lastly, 
the  alJ.oys  of  the  VlopO'^MoO^  type  contain  a  high  percentage  of  the  free  mclybdic 
anhydride,  with  merely  a  trace  of  the  normal  molybdates. 

The  size  of  the  insoluble  residue  recovered  after  hydration  of  the 
Rb20'2Mo03  and  Cs20*2Mo03  alloys  is  much  different  from  what  we  might  expect  on 
the  assumption  that  these  alloys  are  mixt'^es  of  the  normal  molybdate  and  the 
tetramolybdate*  3  i'Me20*2Mo03)  =  2Me2MoC4 , -fMe2Mo 5^013. 

The  insoluble  residue  of  the  Rb20*2Mo03  totaled  8.32^,  wheras  it  should 
have  been  53  5^^  according  to  the  foregoing  equation.  The  Cs20*2Mo03  al^oy 
yielded  I5  52%  of  an  insoluble  residue  as  against  the  calculated  50*2'^%  of 
cesium  tetramolybdate- 


These  discrepancies  are  readily  understood,  once  we  allow  for  the  solubility 
of  the  tetramolybdates  of  rubidium  and  cesium  as  well  As  for  the  meirked  tendency 
of  the  normal  molybdates  of  rubidium  and  cesium  to  react  chemically  with  molybdic 
anhydride  and  the  tetramolybdate  in  the  insoluble  residue.  Analogous  results  were 
secured  with  the  alloys  of  the  MesO’^MoOa  type. 

As  was  the  case  with  the  potassium  molybdates,  no  sign  of  the  presence  of 
di-  or  trimolybdates  was  found  in  our  tests  of  the  hydration  of  alloys  of  the  acid 
molybdates  of  rubidium  and  cesium  of  the  Me20.2Mo03  and  Me20.5Mo03  type.  The 
intermediate  fractions  secured  in  the  lixiviation  of  these  alloys,  which  have  an 
average  c ompos it ion corre spending  te that  of  di-  or  trimolybdates,  must  be  regarded 
as  mixtures  containing  the  normal  molybdate  and  the  tetramolybdate.  In  the  tested 
rubidium  and  cesium  alloys  no  other  isopoly  compounds  than  the  tetramolybdates 
appear  to  be  formed  This  is  indicated  by  the  fact  that  when  even  the  most 
highly  acid  alloys  (Me20'4Mo03  and  Me20*5Mo03)  are  hydrated  with  cold  water,  th^ 
yield  fractions  whose  average  molybdic  anhydride  content  is  less  than  is  required 
for  the  tetramolybdate.  In  still  more  highly  acid  compounds,  such  as  the  penta- 
nolybdate, the  composition  of  the  aloy  would  be  equivalent  to  mixtures  of 
Me2Mo40i3  and  Me2Mo50i6 . 

It  would  be  impossible  for  the  normal  molybdate  to  be  present  in  these 
instances,  only  the  stated  acid  molybdates  dissolving  during  hydration  -  which 
is  contradicted  by  the  experimental  evidence.  Hence,  it  must  be  supposed  that  in 
the  acid  alloys  of  rubidium  and  cesium  molybdates  the  appearance  of  the  tretra- 
molybdates  is  directly  followed  by  that  of  the  molybdic  anhydride. 

It  may  be  inferred  from  the  experiments  described  that  at  room  temperature 
lithium  and  sodium  form  only  dimolybdates,  of  all  the  possible  isopolymolybdates 
whereas  potassium,  rubidium  »  and  cesium  form  only  tetramolyodates .  Hence,  most 
of  the  compounds  separating  out  from  melts  of  the  acid  molybdates  at  high  tempera¬ 
ture  and  detected  by  thermal  analysis  decompose  during  the  course  of  cooling. 

It  should  also  be  noted  that  the  tendency  toward  the  formation  of  stable  isopoly 
compounds  with  a  higher  content  of  the  acid  anhydride  in  the  anion  increases  with 
the  radius  of  the  cation  of  the  alkali  element.  The  lower  the  polarizing  effect 
of  the  cation,  the  more  complex  the  isopolymolybdate  anion  that  may  be  attached 
to  it  (M04O13  ^  for  ions  of  potassium,  rubidium,  and  cesium,  and  M02OY  ^  for  ions 
of  lithium  and  sodium) . 

The  alloys  of  lithium  and  sodium  molybdates  that  are  more  highly  acid  than 
Me20*2Mo03  contain  free  molybdic  anhydride.  The  same  holds  true  of  the  alloys  of 
the  molybdates  of  potassium,  rudbidium  and  cesium  that  are  more  highly  acid  than 
Me20*'4Mo03.  It  should  also  be  borne  in  mind  that  the  dimolybdates  of  lithium 
and  sodium  are  apparently  somewhat  decomposed  into  molybdic  anhydride  and  the 
normal  molybdate  during  the  very  process  of  their  separation  from  the  melts. 

As  the  percentage  of  molybdic  anhydride  in  the  alloy  rises,  say  up  to  the  proportion 
of  Me20*5Mo03,  this  phenomenon  becomes  practically  imperceptible.  The  decomposition 
of  the  tetramolybdates  of  potassium,- rubidium,  and  cesium  into  molybdic  anhydride 
and  the  normal  molybdate  is  more  pronounced,  bein£  perceptible  even  in  Me20*5Mo03 
alloys.  Table  12  shows  what  components  are  contained  in  alloys  of  various  acid 
molybdates,  depending  on  their  composition.  The  compounds  that  are  present 
merely  as  traces,  due  to  the  decomposition  of  the  di-or  tetramolybdates  are 
indicated  in  parenthesis. 

This  research  enables  us  to  specify  the  conditions  governing  the  production 
of  the  various  isopolymolybdates.  To  prepare  the  dimolybdates  of  lithiiun  or  sodium 
it  is  advisable  to  use  alloys  in  which  the  Me20:Mo03  ratio  is  1:1.8  or  1:1.9- 


After  the  traces  of  the  normal  noLybdate  have  been  washed  out  of  the  ai-oy  with 
cold  water,  the  residue  will  consist  of  the  dimolybdate.  Preparation  of  the 
pure  tetramoxybdates  of  potassium,  rubidium,  or  cesium  requires  the  use  of 
alloys  having  the  composition  of  Me2C*5Mo03  or  Me20*5Mc03.  The  alloy  is  lix¬ 
iviated  several  times  in  boiling  water,  the  insoluble  residue  being  the  tetxa- 
molybdate 

TABLE  12 

Composition  of  Alloys  of  Acid  Molybdates  of  the  Alkali  Elements 


at  Room  temperature. 


MepOt  MoOp 

1  Compounds  present  in  the  alloys 

ratio  in 
the  alloy 

Lithium  and  sodium  molybdates 

Potassium,  rubidium,  and  cesium 
molybdates 

1:2 

Me2Mo20y (Me2Mo04 ,  M0O3 ) 

Me2Mo04 ,  Me2Mo40i3 

1:5 

Me2MO20y,  M0O3 

ditto 

1:4 

ditto 

Me2Mo40i3 (Me2Mo04 ,  M0O3) 

1:5 

tl 

Me2Mo40i3,  M0O3 (Me2Mo04 ) 

SUMMARY 

1  The  action  of  water  upon  alloys  of  the  acid  molybdates  of  tne  alfca.i 
elements,  with  compositions  ranging  from  Me20'2Mo03  to  Me20*5Mo03,  has  teen  in¬ 
vestigated  with  the  objective  of  determining  the  compounds  they  contain. 

2.  It  has  been  found  that  at  room  temperature  there  is  only  one  compar¬ 
atively  stable  isopolymolybdate  present  for  each  alkali  element.  Lithium  and 
sodium  form  dimolybdates,  while  potassium,  rubidium,  and  cesium  form  tetramoi- 
ybdates.  The  isopolymolybdates  of  different  composition  that  separate  out  dur¬ 
ing  the  solidification  of  the  molten  salts  are  evidently  decomposed  during  cool¬ 
ing. 

5.  The  dimolybdates  of  lithium  and  sodium,  and  the  tetramolvbdates  of 
potassium,  rubidium,  and  cesium,  are  decomposed  to  some  degree  during  fusion,  giving 
rise  to  the  normal  molybdate  and  molybdic  anhydride. 

4.  Isopolymolybdate  alloys  that  are  more  highly  acid  than  Ll20*2MoO,^, 

Na20*2Mo03,  K20*4Mo03,  Rb20*4Mo03  and  Cs20’4Mo03  contain  a  high  percentage 
of  free  molybdic  anhydride. 

5.  The  dimolybdates  of  lithium  and  sodium  are  readily  hydrated  by  co.d 
water,  being  converted  into  soluble  molybdates.  The  tetramolybdates  of  pot¬ 
assium,  rubidium,  and  cesium  are  slowly  hydrated  in  the  cold  and  more  rapidly 
in  boiling  water,  likewise  being  converted  into  soluble  compounds.  Norma, 
alkaline  molybdates  are  most  readily  hydrated 

6.  The  most  convenient  procedure  for  isolating  the  dimolybdates  of 
lithium  and  sodium  and  the  tetramolybdates  of  potassium,  rubidium,  and  cesi  m 
by  the  hydration  method  is  outlined. 
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RESEARCH  ON  THE  THERMAL  STABILITY  AND  VOLATILITY  OF  THE 
ISOPOLYMOLYBDATES  OF  THE  ALKALI  ELEMENTS 

Vikt.  I.  Spltsyn  and  I.M.  Kuleshov 

In  a  previous  paper  [1]  we  have  shown  that  potassium,  rubidium,  and 
cesium  form  considerable  quantities  of  isopolymolybdates,  which  sepeurate  out 
when  the  respective  melts  solidify.  Several  isopolymolybdates  are  also  des¬ 
cribed  in  the  literature  for  lithium  and  sodium. 

Investigation  of  alloys  of  the  isopolymolybdates  by  the  hydration  method 
[2]  has  led  us  to  conclude,  however,  that  the  number  of  compounds  present  in 
the  alloys  that  have  solidified  and  cooled  to  room  temperature  is  much  lower 
than  that  detected  during  the  crystallization  of  the  melts.  It  seems  that 
chemical  transformations  occur  below  the  solidus  line  in  systems  containing  acid 
molybdates,  involving  the  breakdown  of  some  of  the  initially  crystallized  molybd¬ 
ates  and  the  splitting  out  of  molybdic  anhydride  or  the  formation  of  other, 
stabler  isopolynolybdates . 

This  investigation  established  that  the  only  isopolymolybdates  of  the 
alkali  elements  existing  at  room  temperature  are  the  following: 

LigMogOy,  NagMogOy,  K2M04O13,  Rb2Mo40i3  and  CS2M04OX3. 

We  were  interested  in  determining  whether  these  compounds  are,  in  general, 

the  most  stable  of  the  acid  molybdates  of  each  alkali  element  or  are  replaced 

by  other  types  of  compounds  at  higher  temperatures. 

The  literature  contains  no  mention  of  the  thermal  stability  of  isopoly¬ 
molybdates.  We  have  made  a  study  of  this  stability  under  the  conditions  pre¬ 
vailing  in  investigations  of  the  thermal  stability  and  volatility  of  the  normal 
molybdates  of  the  alkali  elements. 

The  initial  isopolymolybdates  were  prepared  by  fusing  a  calculated  quan¬ 
tity  of  molybdic  anhydride  with  the  respective  carbonates  (or  with  the  normal 
molybdate  in  the  case  of  cesium).  The  resultant  preparations  were  analyzed  by 
the  plumbate  methoa.  The  appearance  of  the  isopolymolybdate  alloys  and  a  summ¬ 
ary  of  the  results  of  their  analysis  are  given  in  our  preceding  paper  [2]. 

We  began  with  a  study  of  the  behavior  of  alloys  with  a  composition  equiv¬ 

alent  to  that  of  dimolybdates  when  calcined  at  1200°  (Table  1.)  The  prepara¬ 
tions  lose  considerable  weight  at  this  temperature,  the  calcination  residue 
exhibiting  a  lower  percentage  of  molybdic  anhydride  than  the  initial  salt.  The 
highest  loss  of  molybdenum  trioxide  was  manifested  by  the  lithium  molybdate 
(61.42^  of  the  initial  content),  with  the  sodium  salt  displaying  the  minimum 
loss  {22.91^)’  The  loss  of  molybdic  anhydride  is  progressively  higher  in  the 
molybdates  of  potassium,  rubidium,  and  cesium,  the  loss  of  M0O3  during  the  test 
being  55.21^  for  the  latter  salt. 

The  loss  of  weight  of  alloys  with  the  composition  of  Me20*2Mo03  is  quite 
appreciable  at  1200°.  We  therefore  continued  our  Investigation  of  the  thermal 
stability  of  the  isopoljTnolybdates  of  the  alkali  elements  at  a  temperature  of 
1000° . 

We  see  in  Table  2  that  at  this  temperature  the  loss  of  molybdic  anhydride 
from  alloys  with  the  composition  of  Me20*2Mo03  follows  the  same  pattern  as  at 
1200* .  The  maximum  loss  of  molybdenum  trioxide  is  exhibited  by  the  lithium, 
preparation  (16.65^),  with  the  minimum  exhibited  by  sodium  dimolybdate  (4.l4^). 
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1 

Moreover,  the  loss  of  M0O3  rises  progressively  as  we  pass  to  the  alloys  con¬ 
taining  the  molybdates  of  potassium,  rubidium,  and  cesium  (j.'jk,  9-15  and  11.30^ 
respectively) . 

Table  5  gives  the  results  of  calcining  alloys  with  a  composition  of 
Me20*3Mo03  at  1000®. 

TABLE  1 

Calcination  of  Me20*2Mo03  Alloys  at  1200'.  Calcination  time:  6  hours. 


Composition  of  Test 
preparation  No. 


Loss  of  M0O3 


Grams  Per  cent  Be-  After 
fore  Test 
test 


Per  cent 
of  ini¬ 
tial  con¬ 
tent 


Mean 

value 


We  had  to  limit  the  calcination  of  alloys  with  the  composition  of  Me20*4Mo03 
to  2  hours,  as  they  suffered  an  even  greater  loss  of  M0O3  than  the  preceding 
alloys . 

The  loss  of  molybdic  anhydride  was  least  for  the  cesium  preparation  (lO.^l^t), 
rising  progressively  as  we  passed  to  the  molybdates  of  rubidium,  potassium,  sodium, 
and  lithium.  The  latter  displayed  a  maximum  loss  of  weight  and  M0O3  loss 
(Table  4). 

TABLE  3 

Calcination  of  Me20*3Mo03  Alloys  at  1000*.  Calcination  Time;  4  hours. 


Composition  of 

Test 

Weight, 

1  Loss  of  weight! 

Percentage  of 

1  Loss  of  M0O3 

preparation 

No. 

grams 

M0O3 

Crams 

Per  cent 

Be- 

After 

Per  cent 

Mean 

fore 

test 

of  ini- 

value 

test 

tial  con¬ 
tent 

Composition  of 

Test 

Loss  of  weight 

Loss  of  M0O3 

preparation 

No. 

mu 

Grams 

Per  cent 

Be- 

After 

Per  cent 

Mean 

fore 

test 

of  ini- 

value 

■ 

test 

tial  con¬ 
tent 

Li20'4Mo03 

1 

2 

0.2168 

0.2073 

0.1123 

0.1085 

52.03 

52.34 

95.00 

95.00 

89.90 

89.95 

54.61 

54.90 

54.75 

Na20*4Mo03  [ 

3 

4 

0.2133 

0.2203 

0.0654 

0.0677 

30.68 

30.73 

90.27 

90.27 

86.21 

86.13 

33.77 

35.79 

33.78 

K20*4Mo03 

5 

6 

0.2088 

0.2201 

0.0440 

0.0459 

21.07 

20.85 

85.89 

85.89 

82.40 

82.35 

24.26 

24.07 

24.16 

Rb20-4Mo03  [ 

7 

0.2020 

0.0218 

10.79 

75.48 

72.70 

14.10 

13.96 

8 

0.2031 

0.0214 

10.54 

75.48 

72.69 

15.85 

Cs20*4Mo03  ^ 

9 

10 

0.2104 

0.2000 

0.0143 

0.0138 

7.13 

6.90 

66.33 

66.33 

63.95 

64.01 

10.46 

10.17 

10.31 

Thus,  when  Me20*2Mo03  alloys  are  calcined,  it  is  the  sodium  preparation 
that  loses  the  least  molybdic  anhydride.  Of  the  Me20*3Mo03  alloys,  the  most  stable 
in  this  respect  is  the  potassium  salt.  Lastly,  in  the  Me20*4Mo03  alloys,  it  is 
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the  cesium  compound  that  exhibits  the  smallest  M0O3  loss.  The  losses  of  molybdic 
anhydride  in  all  the  tested  alloys  are  compared  in  Table  5^  based  on  2  hours  of 
calcining. 

TABLE  5 

Loss  of  Molybdic  Anhydride  During  Calcination  of  the  Acid  Molybdates 
of  the  Alkali  Elements 

lemperature :  1000“ .  Calcining  Time:  2  Hours. 


Sample  Size:  Approx.  0.2  g 


Me20!  M0O3 
ratio  in 

Molybdates 

'  percentage  loss  of  Mo03^ 

initial 

preparation 

Li 

Na 

K 

Rb 

Cs 

1:2 

5.35 

1.38 

2.59 

3.05 

3.77 

1:3 

32.80 

l'^  .  02 

8.39 

10.90 

11.55 

1:4 

5^.75 

35.78 

24.16 

13.96 

10.31 

The  experimental  data  listed  in  Tablesl-^  were  recomputed  so  as  to  establis 
the  composition  of  the  volatilized  portion  of  the  preparations.  The  results  of 
these  computations  are  shown  in  Table  6. 


The  vaporization  products  of  the  Me20*2Mo03  alloys  have  a  higher  percent¬ 
age  of  molybdic  anhydride  than  is  required  for  the  dimolybdates.  Most  of  the 
tested  alloys  of  this  type  lose  their  MegO  and  M0O3  in  ratios  that  range  from 
1;  2.4  to  1:  2.9  at  1000". 

TABLE  6 

Ratio  of  Oxides  in  the  Vaporization  Products  of  Alloys  of  the  Acid 
Molybdates  of  the  Alkali  Elements. 


Sample  Size:  Approx.  0.2  g 


Test  temp¬ 
erature 

Me20:Mo03 
ratio  in 
the  orig¬ 
inal  alloy 

Oxide  ratio  in  the  vaporization  products 

Li20: M0O3 

Na20:Mo03 

K20:Mo03 

Rb 

20:Mo03 

C  S2O : M0O3 

i200" 

1:2 

1: 

2.38 

“Ti  2.24 

H  2.28 

1: 

2.21 

1:  2.20 

1000 

1:2 

1: 

3.46 

1:  2.87 

1:  2.43 

1: 

2.58 

1:  2.56 

1000 

1:3 

1: 

5.76 

1:  7.74 

1:  3.44 

1: 

3.12 

1:  3.06 

1000 

1:4 

1: 

69.7 

1:  65.6 

1:  68.7 

1: 

77.0 

1:  95.0 

This  ratio  falls  to  1:5*5  in  "the  lithium  preparation.  If  the  alloys 
in  question  actually  contain  dimolybdates,  their  vaporization  is  paralleled 
by  a  breakdown  of  some  of  these  compounds,  resulting  in  an  increase  in  the  M0O3 
content  of  the  vaporization  products. 

It  is  not  impossible  that  the  Me20’2Mo03  alloys  are  complex  mixtures 
containing,  say,  Me2Mo04,  Me2Mo207,  and  Me2Mo30io-  The  vaporization  of  the  acid 
molybdates  must  then  result  in  a  relative  decrease  in  the  percentage  of  M0O3  in 
the  vaporization  residue. 

In  the  lithium  and  sodi'am  preparations,  the  vaporization  products  of  the 
Me20,5Mc»03  alloys  are  still  more  enriched  with  molybdic  anhydride  than  is  the 
case  in  the  1:2  alloys.  Here  the  evaporated  portion  has  the  following  content: 


The?  most  stable  alloys  of  the  acid  molybdates  are  framed. 
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Li20:Mo03  =  1:5.76  and  NagOtMoOa  =  This  phenomenon  is  evidently  due  to 

the  instability  of  the  lithium  and  sodium  trimolybdates.  The  dimolybdates  are 
apparently  vaporized,  though  with  an  appreciable  content  of  free  molybdic 
anhydride. 

The  molybdates  of  potassium,  rubidium,  and  cesium  exhibit  a  different  state 
of  affairs,  the  composition  of  the  vaporizea  portion  being  close  to  that  of  the 
original  alloy  and  agreeing  with  the  latter  fairly  precisely  in  the  case  of 
cesium  molybdate.  It  must  therefore  be  inferred  that  the  trimolybdates  of 
potassium,  rubidium,  and  cesium  possess  the  greatest  stability  at  high  temperatures, 
vaporizing  at  1000“  with  practically  no  decomposition. 

The  behavior  of  MegO'^MoOa  alloys  is  quite  singular.  When  they  are  calcined, 
they  give  off  nearly  pure  molybdic  anhydride,  the  amount  of  alkali  oxide  passing 
off  in  the  volatile  compound  being  many  times  smaller  than  in  the  alloys  with 
a  composition  of  Me20*3Mo03.  As  a  result,  the  Me20*Mo03  ratio  in  the  vaporized 
products  ranges  from  1:65  to  1:95  in  this  instance. 

If  there  are  tetramolybdates  present  in  the  Me20*UMo03  alloys,  they 
doubtless  are  not  very  stable  thermally.  It  is  likewise  noteworthy  that  even 
the  rubidium  and  cesium  preparations  do  not  vaporize  their  stable  trimolybdates 
in  this  case.  On  the  contrary,  the  loss  of  cesium  oxide  from  the  alloy  in  question 
is  a  minimum,  compared  with  the  preparations  of  the  other  alkali  elements.  We 
must  therefore  conclude  that  the  vapors  of  molybdic  anhydride  interfere  with 
the  vaporization  of  even  the  stable  trimolybdates  during  calcination. 

We  tested  our  conclusions  regarding  the  behavior  pattern  prevailing  in  the 
changes  of  composition  of  the  stable  isopolymolybdates  as  follows.  We  prepared 
alloys  of  the  acid  molybdates  with  the  mean  composition  of  Me20’5Mo03.  Weighed 
samples  of  these  preparations  were  then  calcined  to  constant  weight  at  1000". 

The  test  was  considered  complete  when  the  loss  of  weight  during  the  last  2 
hours  was  one-tenth  of  that  during  the  first  2  hours  of  calcining.  The  tests 
lasted  10  to  12  hours  in  all.  The  analyses  of  the  calcining  residues  are 
given  in  Table  ?• 

It  may  be  regarded  as  certain  that  calcining  yields  a  mixture  of  the 
dimolybdate  and  the  normal  molybdate  as  the  most  highly  acid  lithium  molybdate 
alloys,  with  the  dimolybdate  in  the  case  of  sodium  and  the  trimolybdates  in 
potassiiim,  rubidium,  and  cesium.  It  is  apparent  that  the  composition  of  these 
compounds  reflects  the  relative  stability  of  the  isopolymolybdates  of  the  alkali 
elements  at  high  temperature.  The  most  stable  are  the  dimolybdates  in  the  case 
of  lithium  and  sodi’im,  the  thermal  stability  being  higher  for  sodium  compound. 
Potassium,  rubidium,  and  cesium  are  characterized  by  the  formation  of  stable 
trimolybdates,  their  thermal  stability  being  least  for  potassium  and  highest  for 
cesium. 

These  stability  relationships  are  doubtless  related  to  changes  in  the 
polarizing  effect  of  the  ions  in  the  alkali  element  series.  The  lower  the 
polarizing  effect  of  the  cation,  the  more  complex  the  anion  of  the  polymolybdate 
than  can  be  stably  associated  with  it,  and  the  stabler  the  given  compound  type. 

SUMMARY 

1.  A  study  has  been  made  of  the  stability  and  volatility  of  the 
isopolymolybdates  of  the  alkali  elements. 

2.  It  has  been  found  that  calcining  alloys  of  the  acid  molybdates  at  1000 
and  1200°  results  in  an  appreciable  loss  of  molybdic  anhydride  and  in  the 
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TABLE  7 


Calcining  Me20*5Mo03  Alloys  to  Constant  Weight 
Temperature  1000*.  Sample  Size:  0.2  —  0.4  g 


Preparation 

Appearance 

Closest  Composition 
of  the  residue 

Before 
the  test 

After 
the  test 

Original 

preparation 

Calcining 

residue 

Li20f5Mc03 . . . 

95*95 

87*92 

Gray 

platelets 

Hyaline 
amber -ye  How 
mass 

Li20*1.5Mo03 

Na20*5Mo03. . . 

92.86 

82.47 

ditto 

Yellow 

acicular 

crystals 

Na2Mo20'7 

K20*5Mo03 - 

88.41 

83*94 

Light-gray 

prisms 

Minute  pale- 

yellow 

crystals 

K2M03O10 

Rb20*5Mo03. . . 

79*58 

71.5^ 

ditto 

ditto 

Rb2Mo30xo 

Cs20*5Mo03. .  . 

71*86 

59*97 

ditto 

ditto 

C  S2M03O10 

evaporation  of  certain  molybdates. 

3*  The  minimum  overall  loss  of  molybdenum  from  the  Me20*2Mo03  alloys  occurs 
in  the  sodium  compounds,  from  the  Me20*3Mo03  alloys  in  the  potassium  compounds, 
and  from  the  Me20*4Mo03  alloys  in  the  cesium  compounds. 

4.  The  Me20:Mo03  ratio  ranges  from  1:2.2  to  1:2.9  in  the  vaporization 
products  of  Me20*2Mo03  alloys  of  the  acid  molybdates.  Only  in  the  lithium 
preparation  does  this  reach  drop  to  1:3*46  at  1000*. 


5-  The  Me20*3Mo03  alloys  contain  extremely  unstable  compounds  of  lithium 
and  sodium.  The  composition  of  the  vaporizing  portion  is  governed  by  the 
following  ratios  at  1000“:  Li20:Mo03  =  1:5*8;  Na20:Mo03  =  1:7*7* 

6.  The  trimolybdates  of  potassium,  rubidium,  and  cesium  are  vaporized  with 
practically  no  decomposition. 

7*  Practically  nothing  but  molybdic  anhydride  vaporizes  from  Me20*4Mo03 
alloys . 

8.  When  Me20*5Mo03  alloys  are  calcined  to  practically  constant  weight  at 
1000“,  they  yield  the  following  residues:  Li20* I.5M0O3,  Na2Mo20T,  K2M03O10, 
Rb2Mo30io  nnd  CS2M03O10. 


9*  The  dimolybdates  of  lithium  and  sodium,  and  the  trimolybdates  of  potassium, 
rubidi’jm,  and  cesium  are  most  stable  at  1000-1200*.  The  stability  of  the 
compounds  rises  in  each  isopolymolybdate  series  with  an  increase  in  the  ionic 
radius  of  the  alkali  element. 
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THE  ADIAGONAL  RECIPROCAL  SYSTEM  CONSISTING  OF  CALCIUM  AND  BARIUM  FLUORIDES  AND 

CHLORIDES 

G.  A.  Bukhalova  and  A.  G.  Bergman 


If  a  compound  is  formed  along  one  of  the  binary  sides  bounding  the 
composition  square  of  a  reciprocal  system,  a  reaction  involving  the  formation 
of  a  compound  will  occur  in  the  reciprocal  system  alongside  the  exchange 
reaction  [1] 

When  the  thermochemical  effects  of  the  exchange  reaction  are  large,  the 
reaction  involved  in  the  formation  ofa  compound  along  one  of  the  sides  of  the 
diagram  may  not  affect  the  course  of  the  exchange  reaction  perceptibly  [2].  We 
then  get  the  usual  type  of  diagonal  reciprocal  systems  (Figure  l,a),  in  which 
the  initial  tr iangulatLon  of  the  reciprocal  system's  square  is  followed  by  a 
secondary  adiagonal mr iangulation,  originating  at  the  point  in  the  diagram 
corresponding  to  the  composition  of  the  compound  (Figure  l,b)[‘^’^].  This  yields  a 
diagonal  system  with  a  subordinate  adiagonal  section. 

When  the  reaction  invo]ved  in  the  formation  of  a  compound  predominates,  however, 
the  triangulation  of  the  composition  square  begins  at  the  compound  vertex,  running 
to  the  vertex  of  one  of  the  opposite  constituents  (adiagonal  secantXFigure  2, a) 

The  secondary  triangulation  of  the  tetragon  cut  out  by  the  adiagonal 
secant  may  then  take  place  along  one  of  the  diagonals  of  this  tetragon  [6].  When 
the  reaction  involving  the  formation  of  a  compound  predominates  markedly,  the 
secondary  triangulation  will  again  start  at  the  compound  vertex  (second 
adiagonal  secan‘0(Figure  2,b).  When  the  exchange  reaction  predominates  within  the 
tetragon,  the  secondary  triangulaticn  will  occur  along  a  diagonal  (Figure  2,c). 

In  the  first  case  we  have  a  completely  a  diagonal  triangulation  of  the  square 
representing  the  reciprocal  system  by  two  adiagonal  triangulating  secants 
(Figiare  2,b)  In  the  second  case  we  get  an  adiagonal  system  with  a  subordinated 
diagonal  section  (Figure  2,c). 

In  the  three-dimensional  diagram  of  the  reciprocal  system  the  energy 
predominance  of  one  section  or  the  other  is  manifested  in  the  predominance  of 
three-dimensional  ridges  We  may  therefore  speak  of  the  pre-eminent  position 
of  one  section,  represented  by  a  high  ridge,  as  compared  to  that  of  another 
section,  which  may  be  represented  by  a  slight  ridge  or  even  not  represented  at 
all  by  independent  geometrical  elements  in  the  three-dimensional  diagram. 

In  the  kinds  of  systems  we  have  considered  (Figures  1  and  2)  the 
triangulating  sections  may  have  the  shape  of  binary  systems  or  not.  If  the 
triangulating  secant  intersects  at  some  point  the  field  of  the  exchange  reaction 
product  that  is  first  to  separate  from  the  melt  but  then  vanishes  again  during 
cooling,  owing  to  further  interaction  with  the  remaining  molten  mass,  the 
solidified  alloy  will  end  up  with  only  those  two  solid  phases  that  are  represented 
by  the  vertices  of  the  triangulating  secant. 

The  foregoing  statements  are  illustrated  in  fluoride-chloride  reciprocal 
systems . 

The  fluorides  and  chlorides  of  the  alkali-earth  elements  combine  to  form 
sharply  marked  coordination  compounds  of  the  double-salt  type,  such  as  : 
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CaF2*CaCl2  (Figure  4);  SrF2*SrCl2;  and  BaF2‘BaCl2  (Figure  4).  A  number  of 
reciprocal  systems  have  been  investigated  for  each  of  these  compounds.  Inasmuch 
as  the  thermal  effects  of  the  exchange  reaction  vary  over  a  wide  range  in 
fluoride-chloride  systems,  this  series  of  systems  comprises  all  system  types, 
ranging  from  the  singular  type  to  the  purely  adiagonal. 

When  the  exchange  reaction  involves  very  large  amounts  of  heat,  for  instance, 
we  get  singular  irreversible  reciprocal  systems: 

Na,  Ca  I!  F,  Cl  —  2k  36  Cal  (Bergman,  Banashek,  and  Bukhalova  [3]>, 

K,  Ca  |i  F,  Cl  —  59.50  Cal  (Bergman,  Krauze  [9]), 

whereas  when  the  exchange  reaction  heat  is  somewhat  smaller,  we  get  systems  of  the 
diagonal  type,  in  which  the  ridge  of  the  diagonal  section  is  higher  in  the  three- 
dimensional  diagram  than  the  ridge  starting  at  the  vertex  of  the  coordination 
compound: 

Na,  Sr  il  F,  Cl  —  15.89  Cal  (Bukhalova,  Bergman  [8]), 

K,  Ba  II  F,  Cl  —  22.52  Cal  ''Banashek,  Bergman  [10]), 

Rb,  Ba  II  F,  Cl  —  26.50  Cal  (Banashek  [11]). 

When  the  heat  evolved  is  of  ordinary  magnitude,  we  get  adiagonal  systems  with  a 
subordinated  triangulating  diagonal; 

Ca,  Ba  II  F,  Cl  —  I6.89  Cal  (Bukhalova,  Bergman^), 

Li,  Ba  II  F,  Cl  —  13.22  Cal  (Banashek,  Bergman  [l4]). 

When  little  heat  is  evolved  in  the  exchange  reactions,  we  get  adiagonal  systems 
with  two  adiagonal  secants: 

Li,  Sr  I!  F,  Cl  —  4.71  Cal  (Banashek,  Bergman), 

Na,  Ba  ||  F,  Cl  —  7.58  Cal  (Banashek,  Bergman  [l4]). 

This  brief  survey  of  several  fluoride-chloride  systems  is  a  vivid  illustra¬ 
tion  of  the  relationships  between  the  magnitude  of  the  heat  evolved  in  the 
exchange  reaction  and  in  the  reaction  involving  the  formation  of  a  compound  and 
the  geometrical  configuration  of  the  structural  diagram. 

The  structural  diagrams  of  a  transitional  nature,  such  as  the  Ca,  Ba  H  F,  Cl 
reciprocal  system  discussed  in  the  present  paper  (Figure  3)  —  an  adiagonal 
system  with  a  subordinate  binary  diagonal,  are  of  especial  interest. 

EXPERIMENTAL 

Procedure.  The  research  was  conducted  by  the  visual  polythermal  method  in 
a  platinum  crucible  fitted  with  a  platinum  stirrer.  The  interior  of  the  electric 
furnace  was  Illuminated  by  a  bright  light  source  to  obliterate  the  light 
radiated  by  the  molten  salts.  We  utilized  a  Pt/PtRh  thermocouple  with  a  highly 
sensitive  Siemens -Halske  galvanometer.  The  original  CaCl2  and  BaCl2  chlorides 
(‘bhemically  pure"  brands)  were  recrystallized  twice;  the  fluorides  were 
prepared  from  double-distilled  hydrofluoric  acid  and  carbonates  prepared  from 
the  recrystallized  chlorides.  The  melting  points  were  taken  as  follows: 

CaCl2:  775*;  BaCl2:  962*  (measured; ;  CaF2:  l4ll‘;  BaF2:  1280*  (not 

determined) . 

The  experiments  were  run  at  1100*. 

^~)  Data  set  forth  in  the  present  paper. 
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Binary  systems  (Figure  4,  Table  l) . 

1.  CaCl2  —  CaF2  has  been  investigated  by  Nacken  [I5]  and  Plato  [I6],  who 
found  that  a  1:1  incongruent  compound  was  formed.  We  repeated  this  system. 

The  eutectic  point  is  located  at  650*'  and  29-5^  CaF2,  the  transition  point  lying 
at  755“  and  42.5^  CaF2. 

2.  BaCl2  —  BaF2  has  been  investigated  by  Plato  [I6]  and  Winter.  The 
system  contains  the  congruent  compound  BaF2'BaCl2,  which  fuses  at  1008®,  and 
two  eutectic  points:  854*  and  19^  BaF2,  and  936°  and  72^  BaF2. 

Our  data  differ  only  in  exhibiting  a  homeomorphic  transition  point 

at  940“  and  29^  BaF2  on  the  line  for  the  compound  BaF2*BaCl2.  Bergman's  and 
Banashek's  thermodifferential  analysis,  in  contrast  to  Plato's  data,  give  no 
indication  of  the  existence  of  solid  solutions  in  the  system. 

3.  CaCl2  —  BaCl2  has  been  investigated  by  various  authors:  Sandonnini  [17] 
and  Ruff  and  Plato  [I8]  Indicate  a  simple  eutectic  system,  while  Schaefer  [19] 
states  that^  an  incongruent  compound  is  present. 


TABLE  1 


CaClp 

-  CaF? 

BaCl? 

~  BaFp 

CaClp 

-  BaClp 

CaFp  - 

-  BaFp 

Mol,  ^ 

t° 

Mol.  i 

t" 

Mol.  f 

t ' 

Mol.  ? 

t" 

CaFp 

BaFp 

BaClp 

CaFp 

0 

773 

0 

958 

0 

773 

0 

1280 

4 

742 

10 

900 

10 

730 

35 

1100 

8 

720 

20 

877 

20 

686 

40 

1060 

12 

696 

24 

913 

25 

663 

45 

1032 

16 

670 

28 

936 

28 

645 

50 

1022 

20 

658 

32 

960 

31 

626 

55 

1030 

24 

687 

40 

995 

34 

6l4 

60 

1056 

28 

700 

50 

1008 

37 

597 

65 

1083 

52 

713 

60 

997 

40 

607 

100 

1411 

36 

725 

70 

955 

43 

616 

Minimum  ) 

at  1022% 

40 

730 

74 

936 

49 

626 

50^  CaFp 

44 

788 

80 

1017 

52 

626 

48 

833 

100 

1280 

55 

58 

683 

729 

Points  of  inter- 

section: 

Q54°  . 

Points  of  inter- 

Points  of  inter-l 

61 

751  1 

|36')t  BaClp; 624% 
53.5‘)[>  BaClp 

section: 

:  650*, 

section: 

8^5",  i 

67.5 

800  1 

19,5^  CaF2,* 

18.5^  BaFp;  i 

85 

888 

735*,  42.5^  CaF2 

956°,  74^  BaFp  i 

100 

962  1 

Our  figures  differ  fundamentally  from  those  of  the  authors  cited.  We  have 
found  a  congruent  compound  CaCl2'BaCl2^  with  a  melting  point  of  629*.  The 
eutectics  are  located  at  594*  and  36.5^  BaCl2^  and  624*  and  54^  BaCl2. 

4.  CaFp  —  BaF2.  According  to  Japanese  authors  [20]  this  system  forms 
continuous  solid  solutions  with  a  minimum  on  the  fusibility  curve  at  BaF2 
and  1277°.  According  to  our  data,  this  fusibility  minimum  is  located  at  50^ 
BaF2  and  1022°. 

Crystallization  Surface  in  the  Ternary  Reciprocal  System  Ca,  Ba  II  F,  Cl 

We  made  a  study  of  15  internal  sections  ''Figure  represented  in  Tables 
2,  3^  4,  and  5  and  in  Figures  7,  and  9,  as  well  as  of  the  diagonal  sections 


I 


i| 
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CaFg  —  and  BaFg  —  CaCls  (Figure  6  and  Table  2)  and  the  section  CaF2  — 

BaFs'BaCla  (Figure  5  and  Table  2)  in  our  investigation  of  the 
crystallization  surface  of  this  sytem.  The  basic  data  on  the  points  of 
intersection  of  the  curves  are  listed  in  each  table. 

The  data  for  the  lateral  binary  systems,  the  internal  sections,  and  the 
projection  on  the  CaClg  —  BaCl2  side  (Figure  10)  enable  us  to  determine  the 
configuration  of  the  crystallization  surface  in  this  reciprocal  system  with 
satisfactory  accuracy.  The  surface  of  crystallization  consists  of  seven 
areas;  in  the  BaCl2  area  we  have  the  field  subdivided  into  a—  and  3-- 
heteromorphic  vsirieties,  while  in  the  BaF2’  BaCl2  area  the  homeomorphic 
transformation  manifested  at  9^0°  at  the  BaF2  —  BaCl2  binary  sides  was  hot 
exhibited  very  clearly  owing  to  the  steep  slope  of  this  eirea  in  tne  system. 


TABLE  2 


Diagonal  | 

Diagonal  | 

Adiagonal  section 

Section  I 

BaCl2 

-  CaF2 

CaCl2 

-  BaF2 

BaF2'.  BaCl2  ~  CaF2 

25%  CaF2 
',%%  CaClp 

->BaCl2 

Mol.  % 
CaFs 

t° 

Mol  % 
BaF- 

Mol.  % 
CaF2 

t° 

Mol.  % 
BaClp 

t^ 

0 

958 

0 

773 

0 

1008 

0 

690 

5 

902 

C 

693 

7 

996 

10 

676 

10 

:6 

629 

11 

985 

20 

667 

15 

840 

14 

656 

20 

960 

30 

657 

20 

811 

18 

663 

28 

935 

55 

651 

25 

817 

22 

683 

54 

959 

40 

645 

50 

857 

26 

709 

45 

670 

55 

891 

50 

760 

Intersection  point. 

50 

702 

Uo 

916 

54 

823 

935%  28% 

CaF2 

55 

731 

45 

948 

58 

873 

— 

50 

970 

42 

910 

Intersection 

point: 

46 

938 

644%  40,5% 

BaCl2 

Intersection 

50 

959 

point: 

54 

979 

791%  22.5% 

66 

858 

CaF2 

75 

910 

82 

888 

Intersection  point: 
-11%  10%  BaF2 
-96%  25.5%  BaF2 
-10%  75%  BaF2 
Gc8%  82%  BaF2 


Composition  and  Temperature  of  the  System’s  Covariant  Points: 


T" 

Composition,  mol.  % 

Phases  in  equilibrium 

eI 

880 

21CaF2  +  17BaCl2  +  62BaF2 

CaFg  +  BaFg  +  BaFg'BaCls 

E^^ 

776 

17.5CaF2  ^  76BaCl2  +  6.5BaF2 

CaFp  ^  BaCls  BaF2-BaCl2 

eIII 

542 

5.5CaF2  34BaCl2  +  62.5CaCl2 

CaCl2  CaF2"CaCl2  CaCl2* 
BaCl2 

pii 

662 

17CaF2  t-  40.5BaCl2  +  42.5CaCl2 

CaFp  -  BaCl2  CaF2'CaCl2 

592 

8CaF2  +  38BaCl2  +  54CaCl2 

BaF2*BaCl2  BaCl2 
+  CaCl2‘’BaCl2 

936 

28.5CaF2  36BaCl2  +  35-5BaF2 

CaF2  -t-  BaF2"BaCl2 

12 

791 

22c aF2  ^  78BaCl2 

CaF2  BaCl2 

TABLE  5 


Section  II 


Section  III 


60^  CaClpJ 


608 

599 

581 

599 

620 

647 

660 

690 

739 

781 


Point  of  inter 
section: 

C 


Section  IV 


Section  V 


0 

608 

1 

605 

2 

605 

3 

605 

4 

605 

5 

605 

7.5 

65  b 

10 

674 

15 

702 

20 

740 

25 

8l4 

30 

860 

.35_,.  _ 

908 

Section  VI 


Section  VII 


Section  VIII 


Section  IX 


25^  BaFs 


Section  X 


55^  BaFp 


Section  XI 


Point  of  intersectior. 
905%  24.5^  CaFs 


Point  of  inter¬ 
section: 

931%  38i  CaFs 


Section  XII 


Mol.%  CaF 


0 

15 

20 

25 

30 

S 

45 

0 


Point  of  intersection 

907°,  33.5^^  CaFs 


Section  XIII 


00^  BaFsl 


1.  Triangu.atior. 
ternary  reclerocal 
systems. 


tograph  of  a  triree-dimenslonal 
'.M  F,C1  system,  b  -  Another 


Fig.  10.  Projection  of  t.’ie 
crystallization  tree  upon 
tr.e  CaClg  -  BaClz  side. 
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The  isotherms,  plotted  at  50“  intervals,  graphically  indicate  the  relief 
of  the  areas,  which  is  vividly  shown  in  the  photograph  of  the  three- 
dimensional  model  (Figure  11, a, h). 

The  dimensions  of  the  areas  are  given  below,  in  per  cent  of  the  total 
area  of  the  composition  square: 

CaF2  —  55.1  BaF2-BaCl2  —  15-2 

BaCl2  —  11.5  CaCl2-CaF2  —  8.2 

BaF2  —  7.2  CaCl2  —  2.? 

CaCl2-BaCl2~  0.6 

Interaction  Between  the  System  Components 

There  are  compounds  in  three  of  the  four  binary  systems  that  bound  the 
composition  square  of  the  system  Ca,  Ba  ||  F,  Cl  (Figure  3).  Hence,  the 

composition  square  of  the  reciprocal  system  will  not  be  a  simple  quadrilateral, 

but  a  plane  figure  with  seven  vertices  (the  angle  being  l80®  at  the  three 
derivative  vertices  for  BaF2.BaCl2>  CaF2*CaCl2>  and  CaCl2*BaCl2) •  It 
follows  from  the  phase  rule  that  for  a  chemical  system  (  a  system  of  the  second 
class)  consisting  of  seven  constituents  to  remain  a  three-component  system 
four  chemical  reactions  must  take  place  within  it.  And  since  the  end  result 
of  each  reaction  in  the  reciprocal  system  is  represented  by  a  stable  secant  and 
corresponds  to  a  triangulation,  it  follows  that  the  given  system  may  be 
subdivided  into  simplexes  of  four  stable  secants: 

1)  The  BaF2*BaCl2  —  CaF2  section  is  the  end  result  of  the  reaction: 

2BaF2  CaCl2  BaF2'BaCl2  +  CaF2  5 

2)  The  BaCl2  —  CaF2  section  is  the  end  result  of  the  reaction: 

BaF2  +  CaCl2  CaF2  +  BaCl2j 

3)  The  section  CaF2*C6iCl2  —  BaCl2  is  formed  as  a  result  of  the 

reaction:  BaF2  +  2CaCl2  CaF2  CaCl2  +  BaCl2. 

4)  Lastly,  the  secant  CaF2*CaCl2  —  CaCl2  corresponds  to  the  reaction: 

3CaCl2  +  BaF2  CaF2*CaCl2  +  CaCl2*BaCl2 

All  the  foregoing  sections  are  shown  in  Figure  5-  Two  of  these  sections, 
BaF2'BaCl2  —  CaF2  and  BaCl2  —  CaF2,  are  binairy  systems  with  valley 
eutectic  points  of  936  and  791° >  respectively.  The  other  two  sections, 

CaF2*CaCl2  —  BaCl2  and  CaF2'CaCl2  —  CaCl2*BaCl2,  are  triangulating  sections  but 
are  not  binary  systems.  We  may  therefore  regard  this  system,  somewhat 
simplified,  as  an  adiagonal  reciprocal  system  with  a  subordinated  diagonal. 

The  other  two  lateral  compounds,  CaF2’CaCl2  and  CaCl2'BaCl2  have  suppressed  fields 
and  actually  affect  the  overall  nature  of  the  reciprocal  system  but  little 
The  following  interactions  take  place  among  the  three  compounds 
BaF2*BaCl2;  CaF2’CaCl2,  and  CaCl2*BaCl2  within  the  reciprocal  system: 

1)  BaF2*BaCl2  +  CaF2*CaCl2  ->  2BaCl2  +  2CaF2;  2)  BaF2-BaCl2  +  CaCl2-BaCl 

3BaCl2  +  CaF2;  5)  CaFs'CaClz  +  CaCl2'BaCl2  —  no  reaction  takes  place. 

In  the  first  two  reactions  the  compounds  interact  to  form  components  of  a 
stable  diagonal  section. 

SUMMARY 

1.  The  visual  polythermal  method  has  been  employed  in  an  investigation  of 
the  reciprocal  system  Ca,Ba|l  F,C1,  which  has  a  single  compound  on  each  of  three 
sides. 
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2.  Owing  to  the  prominent  high-melting  compound  BaFs'EaClg  (1008°)  and 
the  moderate  heat  of  reaction  in  the  exchange  reaction  (16.89  Cal),  the  reaction 
involving  the  formation  of  the  compound  BaF2*BaCl2  predominates  over  the 
exchange  reaction  in  this  reciprocal  system.  The  reciprocal  system  is 
therefore  an  adiagonal  one,  with  a  subordinated  binary  diagonal  section. 

3.  The  valley  eutectic  point  of  the  adiagonal  stable  section  BaF2'BaCl2  — 
—  CaF2  at  936°  is  higher  than  the  valley  eutectic  point  for  the  diagonal 
section  CaF2  —  BaCl2  at  791*’- 

4.  The  chemical  interactions  between  the  compounds  formed  on  the  sides  of 
the  reciprocal  system  have  been  considered. 
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THE  INTERACTION  OF  NITRATES  AND  NITRITES  OF  THE  METALS  OF  THE  FIRST  AND 
SECOND  GROUPS  OF  D.  I.  MENDELEEV'S  PERIODIC  SYSTEM  IN  THE  MOLTEN  STATE 


III.  RESEARCH  ON  THE  TERNARY  SYSTEM  OF  NITRATES  OF  BARIUM  — 
POTASSIUM  —  SODIUM  IN  THE  MOLTEN  STATE 


P.  I.  Protsenko  and  A.  G.  Bergman 

In  our  preceding  reports  described  ternary  systems  consisting  of 

the  nitrates  of  calcium  —  potassium  —  sodium  and  strontium  —  potassium  — 
sodium.  The  present  report  sets  forth  the  results  of  an  experimental  study  of  a 
ternary  system  of  the  nitrates  of  barium  —  potassium  —  sodium.  The  ternary 
system  of  the  nitrates  of  barium  —  potassium  —  sodium  and  two  of  its  three 
constituent  binary  systems,  barium  nitrate  —  potassium  nitrate  and  bea*ium 
nitrate  —  sodium  nitrate  had  previously  been  Investigated  by  Harkins  and 
Clark  [4].  A  repetition  of  the  investigation  of  the  barium  nitrate  —  potassium 
nitrate  binary  system  undertaken  by  A.  P.  Rostkovsky  [5]  revealed  considerable 
inaccuracy  in  the  determinations  of  the  melting  points  carried  out  by  Harkins 
and  Clark.  According  to  Harkins  and  Clark,  the  eutectic  of  the  foregoing 
system  has  a  melting  point  of  511 • 9° >  whereas  A.  P.  Rostkovsky  found  the 
melting  point  of  the  eutectic  to  be  290*.  According  to  Harkins  and  Clark  the 
liquidus  curve  for  barium  nitrate  rises  steeply  from  the  eutectic  point,  after 
which  it  changes  direction  sharply,  rising  slowly,  almost  horizontally,  up 
to  an  ordinate  corresponding  to  70  equimolecular  per  cent  of  barium  nitrate. 
According  to  A.  P.  Rostkovsky 's  researches,  however,  there  is  no  point  of 
inflection  in  the  liquidus  of  barium  nitrate,  which  rises  extremely  sharply 
from  the  eutectic  point.  The  specified  wide  divergences  between  the  results 
reported  by  Harkins  and  Clark  and  those  reported  by  A.  P.  Rostkovsky  posed 
for  us  the  problem  of  making  a  careful  study  of  the  whole  ternary  system  in 
connection  with  systematic  research  on  salt  equilibria  in  melts  of  nitrates 
of  alkali  and  alkali-earth  metals  undertaken  by  one  of  the  present  authors. 

Repeated  measurements  of  the  cited  binary  systems  made  by  us  indicated 
that  the  melts  cannot  be  heated  above  500-502°.  At  this  temperature  the 
molten  nitrates  begin  to  break  down,  evolving  oxygen.  In  both  fusion  curves 
the  liquidus  curves  are  wholly  smooth,  without  any  points  of  inflection.  Both 
of  the  binary  systems  constitute  eutectics.  In  the  barium  nitrate  —  potassium 
nitrate  system  the  eutectic  point  is  located  at  28?°,  22.5  equimolecular  per 
cent  of  barium  nitrate,  and  77-5  equimolecular  per  cent  of  potassium  nitrate, 
which  agrees  rather  closely  with  the  figures  given  by  A.  P  Rostkovsky  [5]^* 

The  eutectic  is  located  at  29^°  and  a  composition  of  12.5^  of  barium  nitrate  and 
87.5^  of  sodium  nitrate  (Figure  1,  Tables  1  and  2). 

The  third  binary  system  of  potassium  nitrate  —  sodium  nitrate  has  been 
investigated  by  many  authors:  Hissink  [6],  Briscoe  and  Madgin  [1],  Bergman 
and  Vaksberg  [8],  and  the  present  authors  [1],  so  that  there  is  no  need  to 
repeat  its  description  here  (Figure  1). 

Ternary  Sections 

In  accordance  with  the  general  principles  underlying  the  thermal  analysis 
Henceforth  compositions  will  always  be  given  in  equimolecular  per  cent. 
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method  six  sections  were  made  of  the 
ternary  system  for  our  investigation,  the 
nature  and  location  of  the  sections  being 
shown  in  Figure  2,  Sections  I,  II,  III, 
and  IV  were  passed  from  the  potassium 
nitrate  —  sodium  nitrate  side  of  the 
triangle  to  the  BafN03)2  vertex  in  order  to 
demarcate  the  crysta  ^-lization  area  of 
barium  nitrate. 

Section  I  6u^  (003)2  +  20^  (NaN03;2 
BaTNOsTs^has  two  crystallization  branches- 
a  small  branch  constituting  an  isomorphous 
mixture  of  potassium  and  sodium  nitrates, 
and  a  steeply  ascending  barium  nitrate 
branch.  The  transition  point  is  located  at 
262°  and  a  composition  of  12.5^  Ba(N03)2> 
Fig.l.  70^  (003)2,  and  17 .5^  (NaN03)2  (Figure  3  and 

l)  (NaN03)2  ->  Ba(N03J^;  Table  2). 

n)  KNO3  ^  NaNOs;  IH^  (003^2 ->  Section  II  60^  (003)2  ^  ^0^ 

— >  Ba(N03;2*  (NaN03)2  BarN03)2  has  two  crystallization 

branches  —  an  extremely  short  branch  for 
the  isomorphous  mixture  of  potassium  and  sodium  nitrates,  and  a  long,  steeply 
ascending  branch  for  barium  nitrate.  The  transition  point  is  located  at 
224°  and  a  composition  of  7*5^  Ba(N03)2,  (KN03)2,  and  57^  (NaN03)2 

(Figure  3  and  Table  4). 

TABLE  1 


(Eutectic  Point;  287°) 


Point 

No. 

Eauimolecular  % 
(KN03)2  Ba(N03)2 

Temperature 
!  at  which  the 
initial 
crystals 
separate  out 

Point 

No. 

Equimolecular  % 
(KN03>2  Ba(N03;)2 

Temperature 
at  which  the 
initial 
crystals 
separate  out 

1 

100.0 

0 

33T 

14 

67.5 

32.5 

558° 

2 

97.5 

2.5 

331.5 

15 

65.9 

35.0 

350 

3 

95 

5 

328 

16 

62.5 

57.5 

364 

4 

92.5 

7.5 

322 

17 

60.0 

40.0 

380 

5 

90.0 

10.0 

314 

18 

57.5 

42.5 

.  390 

6 

87.5 

12.5 

308 

19 

55.0 

45.0 

400.5 

7 

85.0 

15.0 

305 

20 

50.0 

50.0 

423 

8 

82.5 

12.5 

302 

21 

45.0 

55.0 

443 

9 

80.0 

20.0 

292 

22 

40.0 

60.0 

463 

10 

77.5 

22.5 

287 

23 

35.05 

65.0 

477 

11 

75.0 

25.0 

301.5 

24 

30.0 

70.0 

494 

12 

13 

72.5 

70.0 

27.5 

1  30.0 

312 

326 

25 

25.0 

75-0 

511 

Section  III;  40^  (OO3J2  -*■  60^  (NaN03j2  Ba(N03J2  has  two  crystallization 
branches  —  an  extremely  short  one  for  the  isomorphous  mixture  of  potassium  and 
sodium  nitrates,  and  a  long  branch  that  ascends  steeply  for  the  barium  nitrate. 
The  transition  point  is  located  at  228°  and  a  composition  of  60^  Ba(N03;2, 

31%  (003)2,  and  57^  (NaN03)2  (Figure  4  and  Table  3)- 
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TABLE  2 


(Eutectic  Point:  29^°) 


Point 

No. 

Equimolecular  % 

Temperature 
at  which  the 
initial 
crystals 
separate  out 

Point 

No. 

Equimolecular %  i 

Temperature 
at  which  the 
initial 
crystals 
separate  out 

(NaN03;2 

Ba(N03)2 

(NaN03)2 

Ba(N03J2 

1 

100 

0 

508° 

12 

75 

25 

364° 

2 

97.5 

2.5 

305 

13 

72.5 

27.5 

384 

3 

95 

5 

302 

14 

70 

30 

392 

4 

92.5 

7.5 

300 

65 

35 

406 

5 

90 

10 

297 

16 

60 

40 

421 

6 

87.5 

12.5 

294 

17 

55 

45 

440 

7 

86,5 

13.5 

297.5 

18 

50 

50 

1.56 

8 

85 

15 

312 

19 

45 

55 

474 

9 

82.5 

17.5 

330 

20 

40 

60 

486 

10 

80 

20 

345 

21 

35 

65 

502 

11 

77.5 

22.5 

353 

22 

30 

70 

517 

Section  _  IV  20^  (003)2  +  80^  (NaN03)2  Ba(N03J2  has  two  crystallization 
branches  —  a  short  branch  for  the  isomorphous  mixture  of  potassium  and  sodium 
nitrates,  and  a  long,  extremely  steep  branch  for  the  crystallization  of 
barium  nitrate.  The  transition  point  is  located  at  264°  and  a  composition 
of  7 Ba(N03)2,  18*5^  (003)2,  and  7^^  (NaN03)2  (Figure  4  and  Table  6). 

Transferring  the  transition  points  to  a  concentration  triangle  and 
connecting  them  together  yielded  the  line  of  joint  crystallization  of  the  three 
system  components,  which  demarcates  the  crystallization  area  of  barium  nitrate 
from  the  area  of  solid  solutions  (Figure  2). 


Saz° 


1)  2Qrlo  (NaN03)2 
80^  (KID3.2 
II J  40^  (NaN03;2 

6o^{.  (003)2 

V;  10%  Ba(N03;2 
90%  (003)2 


Ba (N03;2 ; 

►  Ba(N03;2; 


(NaN03)2. 
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TABLE  3 


(Transition  Point:  262°) 


Point’ 

No. 

Equimolecular 

Temp .  at 

which  the 

initial 

crystals 

separate 

out 

Point 

No. 

Equimolecular  ^  H 

Temp .  at 

which  the 

initial 

crystals 

separate 

out 

(003)2 

Tifeiio^^ 

(KN05;2 

1 

0 

80 

20 

284° 

11 

30 

56 

14 

347° 

2 

5 

76 

19 

278 

12 

35 

52 

13 

37^ 

3 

7.5 

74 

18.5 

274 

13 

40 

48 

12 

3^9 

4 

10 

72 

18 

271 

14 

45 

44 

11 

4l4 

C 

> 

12.5 

70 

17.5 

262 

15 

50 

40 

10 

^33 

6 

15 

68 

17 

275 

16 

55 

36 

9 

448 

7 

17.5 

66 

16.5 

292 

17 

60 

32 

8 

468 

8 

20 

64 

16 

305 

18 

65 

28 

7 

489 

9 

22.5 

62 

15.5 

312 

19 

70  1 

24 

6 

503 

10 

25 

60 

15 

326 

TABLE  4 

(Transition  Point;  224°) 


Point 

Equimolecular  'p 

Temp .  at 

which  the 

initial 

crystals 

separate 

out 

Point 

No. 

Equimolecular  ^ 

Temp .  at 

which  the 

initial 

crystals 

separate 

out 

No. 

(KNc>,^ 

fNaNOc.js 

B8(N03;2 

(0(>Ja 

(IferOaJ^ 

1 

0 

60 

40 

233° 

11 

30 

42 

28 

364° 

2 

2.5 

58.5 

39 

230 

12 

35 

39 

26 

383 

3 

5 

57 

38 

228 

13 

40 

36 

24 

404 

4 

7.5 

55-5 

37 

224 

14 

45 

33 

22 

424 

C 

> 

10 

54 

36 

250 

15 

50 

30 

20 

i+39 

6 

12.5 

52.5 

35 

274 

16 

55 

27 

18 

458 

7 

15 

51 

3^^ 

292 

17 

60 

24 

16 

476 

8 

17.5 

49.5 

33 

312 

18 

65 

21 

14 

488 

9 

20 

48 

32 

324 

19 

70 

18 

12 

507 

10 

25 

^5 

30 

345 

Section  V;  10^  Ba(N02J2  +  90^  (KNO3J2  (NaN03)2  had  as  its  objective 
determining  the  location  of  the  eventual  decomposition  of  the  solid  solutions 
of  sodium  and  potassium  nitrates  in  the  various  areas  of  crystallization  of 
these  components.  The  fusibility  curve  for  Section  V  is  a  continuoud 
crystallization  curve  with  a  minimum  at  2l6°  and  a  composition  of  5*5^  Ba(N03)2> 
49.7^  (003)2?  and  45^  (NaN03)2»  The  Section  V  curve  is  typical  of  cases  in 
which  the  components  form  an  unbroken  series  of  solid  solutions.  Section  V 
exhibits  no  signs  of  any  breakdown  of  the  solid  solutions  (Figure  3  and 
Table  7). 


Section  VI .  60^  Ba(N03)2  40^(003)2  (NaN03)2  was  investigated  to 

corroborate  the  location  of  the  line  of  joint  crystallization  plotted  from  the 
data  for  Sections  I,  II,  III,  and  IV.  This  section  has  two  crystallization 
branches  —  a  long  barium  nitrate  branch,  which  drops  slowly  at  first  and 
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Point 

No. 


SISEEQSSESK 


Temp .  at 
NaNDs^s  which  th 
initial 
crystals 
separate 


Point 

No. 


Temp. at 
which  the 
initial 
crystals 
separate 
out 


f 

TABLE  6 


(Transition  Point:  26k°) 


Point 

Equimoleculax  % 

Temp .  at 

which  the 

initial 

crystals 

separate 

out 

Point 

No. 

Equimolecular  ^ 

Temp,  at 

which  the 

initial 

crystals 

separate 

out 

No. 

Ba(ND3)2 

(KNC^ 

(NaNOs^ 

1^1 

( rfeNQ^2 

1 

0 

20 

80 

268° 

10 

20 

16 

6k 

344° 

2 

2.5 

19.5 

78 

266 

11 

22.5 

15.5 

62 

355 

5 

5 

19 

76 

265 

12 

25 

15 

60 

364 

k 

7.5 

18.5 

Ik 

26i+ 

13 

30 

14 

56 

387 

5 

9 

18.3 

72.7 

280 

14 

35 

13 

52 

4o6 

6 

10 

18 

72 

290 

15 

ko 

12 

U8 

425 

7 

12.5 

17.5 

70 

306 

16 

50 

10 

40 

456 

8 

15 

17 

68 

320 

17 

60 

8 

32 

487 

9 

IT. 5 

16.5 

66 

352 

18 

70 

6 

2k 

517 

interesting  as  a  system  that  has  only  two  crystallization  areas  and  no  ternary 
eutectic  point.  The  largest  crystallization  area,  the  surface  of  which 
constitutes  82.05^  of  the  entire  area  of  the  triangle,  is  that  of  barium  nitrate. 
The  other  area  with  a  crystallization  surface  of  17.95^j  is  the  area  for  the 
isomorphous  mixture  of  sodium  and  potassium  nitrates. 

The  nature  of  the  fusibility  curves  of  the  binary  systems,  viz : 
continuous  solid  solutions  with  a  minimum  in  the  potassium  nitrate  —  sodium 
nitrate  system,  and  eutectics  without  solid  solutions  in  the  two  other  binary 
systems  comprising  the  ternary  system,  served  as  a  basis  for  the  theoretical 
prediction  of  the  crystallization  area  of  barium  nitrate,  the  crystallization 
area  of  potassium  nitrate,  the  crystallization  area  of  sodium  nitrate,  and  the 
area  of  crystallization  of  the  KNO3  -t-  NaNOa  mix  crystals  adjoining  the 
potassium  nitrate  —  sodium  nitrate  side.  Moreover,  the  curve  of  joint 
crystallization  that  separates  the  areas  of  the  sodium  and  potassium  nitrates 
should  run  from  the  ternary  eutectic  to  the  minimum,  but  gets  lost  somewhere  in 
the  crystallization  area  of  the  solid  solutions,  at  the  so-called  critical 
blending  point,  without  ever  reaching  the  minimum.  Adding  the  barium  nitrate 
ought  to  cause  the  break-down  of  the  solid  solutions. 

TABLE  7 


(Transition  Point:  2l6”j 


Point 

No. 

Equimolecular  ^ 

Temp .  at 

which  the 

initial 

crystals 

separate 

out 

Point 

No. 

Eq 

Temp,  at 

which  the 

initial 

crystals 

separate 

out 

Ba(NC)3J2 

(KNOais 

(NaI'}Q3^2 

Ba(ND3Jb 

(KNCb>;? 

(NaN0v2 

1 

10 

90 

0 

314° 

12 

4.4 

40.6 

55 

228° 

2 

9.2 

85.8 

5 

302 

13 

4 

36 

60 

237 

3 

8.8 

81.2 

10 

290 

14 

3.5 

31.5 

65 

248 

4 

8.2 

76.8 

15 

278 

15 

3 

27 

70 

257 

5 

7.7 

72.3 

20 

266 

16 

2.5 

22.5 

75 

206 

6 

7.3 

67.7 

25 

253 

17 

2 

18 

80 

216 

7 

7 

63 

30 

240 

18 

1.5 

13.5 

85 

284 

8 

6.3 

58.7 

35 

230 

19 

1 

9 

90 

274 

9 

6 

54 

40 

223 

20 

0.5 

4.5 

95 

300 

10 

5-3 

k9.7 

45 

216 

21 

0 

0 

100 

308 

11 

5 

^5 

50 

218 

756 


TABLE  8 

(Transition  Point:  285°) 


Point 

No, 

Equimoleculeir  % 

Temp .  at 

which  the 

initial 

crystals 

separate 

out 

Point 

No. 

Equimolecular  ^ 

Temp .  at 

which  the 

initial 

crystals 

separate 

out 

Ba(N:b)2 

(KNCb)2 

(NaNCb;2 

Ba(  N03^2 

(KNQ3J2 

CNaN0hJ2 

1 

60 

40 

0 

462° 

11 

15 

10 

75 

320“ 

2 

54 

56 

10 

450 

12 

12 

8 

80 

300 

3 

48 

52 

20 

355 

13 

10.5 

7 

82.5 

290 

4 

42 

28 

30 

420 

14 

9.5 

6.5 

84 

285 

5 

36 

24 

40 

402 

15 

9 

6 

85 

287 

6 

30 

20 

50 

382 

16 

7.5 

5 

87.5 

291 

7 

27 

18 

55 

370 

17 

6 

4 

90 

294 

8 

24 

16 

60 

360 

18 

3 

2 

95 

300 

9 

21 

14 

65 

545 

19 

0 

0 

100 

308 

10 

18 

12 

70 

335 

The  decomposition  of  solid  solutions  by  the  addition  of  a  third  component 
has  been  confirmed  in  a  number  of  systems  previously  investigated,  as  in 
Radishev's  researches  [5]  on  two  ternary  systems  of  the  chlorides,  bromides, 
and  iodides  of  sodium  and  potassium,  Brandt’s  researches  [4]  on  systems  of 
lead,  potassium,  and  sodium  chlorides,  cadmium,  potassium,  and  sodium 
bromides,  etc. 

The  nature  of  the  binary  fusibility  curves  of  this  ternary  system  would 
lead  us  to  expect  the  solid  solution  to  decompose  in  our  ternary  system  as 
well.  A  similar  assumption  appeirently  was  held  by  Harkins  and  Clark,  who 
classified  this  system  as  one  of  the  ternary  systems  with  a  single  invariant 
point,  which  they  state  is  located  at  2lk°  and  the  following  composition: 

5^  barium  nitrate,  50^  potassium  nitrate,  and  45^  sodium  nitrate.  But,  as  we 
have  said  above,  our  careful  experimental  investigations  yielded  fusibility 
curves  of  another  type  —  with  two  crystallization  areas:  a  barium  nitrate 
area  and  an  area  for  the  isomorphous  mixture  of  potassium  and  sodium  nitrates. 

Palkin  and  Gromakov  [5]  made  a  similar  observation  in  the  sodium  sulfate  — 
sodium  bromide  —  sodium  chloride  system,  in  which  the  solid  solutions  of 
sodium  bromides  and  chlorides  did  not  decompose. 

Palkin  and  Gromakov  [9]  attribute  the  fact  that  a  third  component  does 
not  entail  the  decomposition  of  solid  solutions,  but  rather  is  a 
st£\bilizing  factor,  to  the  melting  point  of  the  third  component,  which  is 
higher  than  those  of  the  two  other  components  constituting  the  solid  solutions. 
In  tbe  sodium  sulfate  —  sodium  bromide  —  sodium  chloride  system 
investigated  by  A.  P.  Palkin  [9]^  for  example,  the  melting  points  of  the 
various  components  were  as  follows:  Na2S04  (Third  component J  844“;  NaBr 
750°;  and  NaCl  800° . 

In  the  system  we  investigated,  Ba(N03J2  melts  with  decomposition  at  592°, 
KNO3  at  537*,  and  NaN03  at  ;  that  is,  the  melting  point  of  the  third 

component,  Ba(N03j2,  is  much  higher  than  those  of  the  components 
constituting  the  solid  solutions,  which  agrees  fully  with  the  explanation 
suggested  by  A.  P.  Palkin. 

Analyzing  the  above-mentioned  papers  by  V.  P.  Radishev  and  Brandt,  i.e. , 
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systems  in  which  the  third  component  causes  the  breakdown  of  the  solid  solutions, 
from  this  point  of  view,  •'•/e ind  that  the  melting  point  of  the  third  component  is 
much  below  those  of  the  other  two  in  all  such  cases.  In  the  ternary  system  of  lead, 
sodium,  and  potassium  chlorides,  for  example,  the  melting  points  of  the  several 
components  are  as  follows:  PbClg  (third  component  495°)>  KCl  775°^  and  NaCl  798"* 

In  this  instance,  lead  chloride,  with  its  lower  melting  point,  manifests  a  sort  of 
loosening  action,  resulting  in  the  decomposition  of  the  solid  solutions.  Figure  6 
is  an  orthogonal  projection  of  the  crystallization  paths  upon  the  potassium  nitrate  — 
-  sodium  nitrate  side  of  the  triangle. 

A  characteristic  feature  of  this  ternary 
system  is  displayed  in  the  crystallization  tree.  The 
curve  of  the  joint  crystallization  of  all  three  compon¬ 
ents  is  greatly  bent,  with  a  marked  minimum,  as  is 
typical  of  solid  solutions.  It  separates  only  two 
fields  of  crystallization  -  the  area  of  pure  barium 
nitrate  and  the  area  of  the  isomorphous  mixture  of 
potassium  and  sodium  nitrates. 

Comparison  of  the  fusion  curves  of  the  binary 
systems  studied  by  us  (1,2,3.^  in  the  following  series: 
Ca(N03j2  ~  (NaNo3)2>  Ca(N03>2  ~  (KN03^2>  Sr(N03)2  "" 
fNaN03)2,  Sr(N03)2  ^  (KN03)2,  Ba(N03)2  "  (NaN03)2, 
Ba(N03)2  ~  (KN03)2j  NaN03  -  KNO3  indicates  that  the 
ordinates  of  the  eutectic's  composition  (and  for  the 
last  binary  system,  the  minimum)  are  shifted  toward  the  pure  system  component  with 
a  lower  melting  point,  the  greater  the  difference  between  the  melting  points, 
of  the  components  constituting  the  eutectic  or  the  minimum,  the  greater  this 
displacement . 

SUMMARY 

1.  A  study  has  been  made  of  the  ternary  system  consisting  of  the  nitrates  of 
barium  -  potassium  -  sodium  by  the  visual  polythermal  method. 

2.  The  binary  systems:  1)  barium  nitrate  —  sodium  nitrate,  and  2)  barium 
nitrate  -  potassium  nitrate  have  been  defined  more  precisely;  the  former  constitutes 
a  eutectic  at  a  temperature  of  287“  and  a  composition  (in  equimolecu lar  of  22.5^ 
barium  nitrate  and  77*51('  sodium  nitrate,  the  corresponding  figures  for  the  second 
system  being  29^"  12.5^  barium  nitrate,  and  87.5^  potassium  nitrate. 

3-  It  has  been  found,  contrary  to  the  assertions  made  by  Harkins  and  Clark, 
that  the  ternary  system  of  potassium,  sodium,  and  barium  nitrates  does  not  have  a 
ternary  eutectic,  but  rarther  a  minimum  at  a  temperature  of  2l6  , 
and  a  composition  (in  equimolecular  of  5*^^  barium  nitrate,  46^  sodium 
nitrate,  and  potassium  nitrate,  being  a  system,  with  two  crystallization 

areas:  .  with  a  crystallization  area  of  82.05^  for  barium  nitrate  and  a  crystalliza¬ 
tion  area  of  17-95^  for  an  isomorphous  mixture  of  potassium  and  sodium  nitrates. 

4.  It  has  been  shown  that  whenever  two  components  form  a  eutectic  or  a 
minimum,  the  composition  ordinates  of  the  eutectic  or  of  the  minimum  are  shifted 
toward  the  ordinates  of  the  pure  component  of  the  system  with  the  lower  melting 
point,  the  greater  the  difference  between  the  melting  points  of  the  components 
constituting  the  given  eutectic  or  minimum,  the  greater  this  shift. 
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THE  TRANSFORMATIONS  OF  OLEFIN  HYDROCARBONS  IN  THE  reESENCE  OF 
METALIOSILICATE  CATALYSTS 


III.  TRANSFORMATIONS  OF  SOME  UNSATURATED  HYDROCARBONS  POSSESSING  A  QUATERNARY 
CARBON  ATOM  WITH  AN  ALUMINOSILICATE  CATALYST  ^  ^ 


R.  D.  Obolentsev  and  N.  N.  Gryazev 

In  a  previous  paper  [l]  dealing  with  the  depolymer ization  of  tri-isobutylene 
by  aluminosilicates,  one  of  the  present  authors  noted  that  no  explanation  has  yet 
been  provided  for  the  depolymerization  of  mono-olefin  hydrocarbons.  The  results 
of  the  present  research  served  as  the  basis  for  the  supposition  that  tri-isobutylene 
can  be  depolymerized  via  the  double-bond  rule  as  well  as  via  the  stage  in  which 
a  four-membered  ring  is  formed.  The  latter  procedure  makes  impossible  the  shift 
of  the  double  bond  from  the  middle  of  the  carbon  chain  to  either  extremity. 

Numerous  references  in  the  literature  led  Obryadchikov  [2]  to  conclude 
that  "  olefins  are  isomer ized  by  the  displacement  of  the  double  bond  within  the 
molecule"  .  In  view  of  the  reversibility  of  this  shift  of  the  double  bond  and 
of  the  difficulty  of  analyzing  the  liquid  products  of  isomerization,  we  must 
regard  the  statement  commonly  found  in  the  literature  to  the  effect  that  catalysts 
including  the  aluminosilicates,  can  shift  the  double  bond  only  within  mono-olefin 
hydrocarbons  as  a  misunderstanding.  Actually,  the  depolymerization  of  2,4,4- 
-trimethylpentene-2  cannot  be  pictured  as  following  the  double-bond  rule,  so 
that  the  depolymerization  reaction  involving  a  four-membered  ring  is  highly 
probable.  When  we  remember  the  reversibility  of  the  double-bond  shift,  the 
deploymerization  of  2,4,4-trimethylpentene-l  by  the  double-bond  rule  leads  to 
a  decrease  in  its  concentration,  which  ought  to  result  in  the  Isomerization  of 
2,4,4-trimethylpentene-2  into  2,4,4-trimethylpentene-l.  Hence,  the  de polymerization 
of  2,4,4-trimpthylpentene-2  does  not  yield  an  unequivocal  answer  in  favor  of  one  de¬ 
polymerization  reaction  or  the  other.  We  cannot  agree  with  Obryadchikov  that 
ascertaining  the  behavior  of  2,4,4-trimethylpentene-2  in  depoyymerlzation  would 
solve  the  problem  of  the  mechanism  involved  in  the  latter  process.  Nor  can  the 
extensive  depolymerization  of  tri-isobutylene  described  in  our  paper  mentioned 
above,  which  indirectly  confirms  the  feasibility  of  depolymerization  via  a  four- 
membered  ring,  provide  a  direct  confirmation  of  the  latter  process. 

S.  V.  Lebedev  and  I.  A.  Vinogradov-Volzhinsky  [3]  make  the  following  state¬ 
ment  in  their  proposal  for  a  reaction  involving  the  intermediate  formation  of  a 
four-membered  ring  in  the  depolymerization  of  the  dienes: ’We  do  not  claim  that 
the  proposed  reaction  pattern  is  absolutely  certain,  but  we  adopt  it  because 
it  may  be  readily  generalized  and  satisfactorily  interprets  our  results  both 
qualitatively  and  quantitatively.'*  In  a  subsequent  paper,  S.  V.  Lebedev  and 
N.  A.  Kudryavtsev  [4]  investigated  the  contact  conversions  of  3^ 3“dimethylbutene-l 
and  4,4 -dimethylpentene-2  with  an  aluminosilicate  catalyst  at  I5O-27O*, 
apparently  in  order  to  confirm  the  pattern  of  decomposition  via  the  intermediate 
formation  of  four-membered  rings.  S.  V.  Lebedev  and  N.  A.  Kudryavtsev  were  unable 
however,  to  demonstrate  the  intermediate  formation  of  four-membered  rings  in 
these  research  subjects.  This  led  S.  N.  Obryadchikov  to  conclude  that  S.  V. 

Cf .Sc i .Papers,  Saratov  State  Univ.,  21,  142  (19494  J.Appl.Chem.  22,137  (1949; 

23,  1223  (1950J*  (For  the  latter  reference,  see  C.B.  English  translation,  p.  1299)* 
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Lebedev  and  N.  A.  Kudryavtsev  had  not  demonstrated  this  mechanism  of  the 
depolymerization  of  unsaturated  hydrocarbons. 

The  objective  of  the  present  reseeirch  has  beento  determine  the  reactions 
involved  in  the  transformations  of  some  unsaturated  hydrocarbons  with  a  quaternary 
carbon  atom  above  an  aluminosilicate  catalyst  The  substances  used  in  this 
research  were  5j3-dimethylbutene-l,  4 ,4-dimethyipentene-l ,  2 , 3, 3-tr imethylbutene-1, 
and  "  di-isobutylene." 

Various  processes  (cracking,  isomerization,  aromntization,  etc  )  take 
place  during  the  catalytic  transformations  of  unsat^rated  hy  rocarbons  with 
aluminosilicates,  so  that  we  were  interested  in  determining  their  thermodynamic 
probability,  even  if  only  as  a  first  approximation.  We  made  thermodynamic 
calculations  of  various  possible  reactions  in  the  catalytic  conversions  of  the 
unsaturated  hydrocarbons  referred  to  above.  In  these  calculations  we  were  handi¬ 
capped  by  the  lack  of  various  entropy  values,  specific  heat  capacities,  heats  of 
formation,  and  standard  free  energies  of  formation  for  some  of  the  hydrocarbons 
under  investigation  and  for  the  products  of  their  transformation.  Utilizing  the 
relationships  of  changes  between  entropy,  specific  heat  capacity,  heat  of  formation, 
and  standard  free  energy  of  formation  to  temperature  and  hydrocarbon  structure 
[5  6],  we  calculated  the  thermodynamic  functions  we  required  amd  computed  the 
extent  of  equilibrium  conversion  for  the  decomposition  and  aromatization  reactions 
(Fig.l). 


Fig.  1.  io  conversion  as  a  function  of 
temperature . 

1  -  2,3,3-trimethylbutene-l  in  ethylene 
and  2-methylbutene-2;  2  —  2,3,3-trimeth- 
ylbutene-1  in  isobutylene  and  propylene; 
3  ~  2,3,3-trimethylbutene-l  in  toluene 
and  hydrogen;  4  -  3,3-dimethylbutene-l 
in  isobutylene  and  ethylene;  5  ~  3,3-di- 
methylbutene-1  in  benzene  and  hydrogen; 

6  —  4,4-dimethylpentene-l  in  isobutylene 
and  propylene;  7  ~  4,4-dimethylpentene-l 
in  toluene  and  hydrogen. 


Inspection  of  the  curves  shown 
in  Fig.  1  leads  us  to  conclude  that 
the  depolymerization  of  3 , 3-dimethylbutene 
-1  with  a  percent  conversion  of  practical 
interest  may  be  effected  only  at  a 
temperature  in  excess  of  150'^ . 

EXPER IMENTAL 

Method  of  analysis.  The  gaseous  pro¬ 
ducts  were  subjected  ro  iow-temperature  rec¬ 
tification  in  a  "copper  column".  The  in¬ 
dividual  gas  fractions  secured  as  the  re¬ 
sult  of  rectification  were  analyzed  in  an 
Orsat  apparatus  [7]*  The  liquid  products  — 
both  the  original  ones  and  those  secured 
as  the  result  of  cat&iytic  cracking  -  were 
rectified  in  a  column  with  a  fractionating 
efficiency  equivalent  to  20  theoretical 
trays  at  complete  reflux  [8]. 

The  bromine  number  of  the  liquid 
products  was  determined  by  the  method 
described  by  G  D  Galpern  and  E.  V. 
Vinogradova  [9] 

The  percentage  of  aromatic  hydro¬ 
carbons  was  determined  by  measuring  the 
relative  dispersion  of  light  by  the 
B,  V.  Ioffe  method  [10].  The  percentag:e 
of  unsaturated  hydrocarbons  with  a  tertiary 
carbon  atom  at  the  double  bond  was 
determined  by  the  method  described  by 
B.  L*  Moldavskjr  and  V.  Zharkova  [IxJ. 

We  tested  the  method  suggested  by  these 
authors  with  an  artificial  mixture 
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consisting  of  90^  "dl isobutylene"  by  weight  and  10^  4,U-dimethylpentene-l  by  weight. 

We  began  by  proving  that  the  'di isobutylene"  contained  95^  of  "tertiary”  unsatur¬ 
ated  hydrocarbons,  while  the  U ,4-dimethylpentene-l  contained  none  of  these  "tertiary" 
unsaturated  hydrocarbons.  This  mixture  therefore  should  have  contained  85.5'^  of 
•'tertiary"  unsaturated  hydrocarbons.  In  one  analysis  ve  found  85.5^)  ® 

parallel  run  84.5^  of  "tertiary"  unsaturated  hydrocarbons.  The  margin  of  error  in 
this  determination  of  these  unsaturated  hydrocarbons  did  not  exceed  1^  of  absolute. 

The  structure  of  the  liquid  unsaturated  hydrocarbons  was  determined  by 
ozonidation  and  identifying  the  hydrolysis  products  of  the  ozonides.  Ethyl 
chloride  was  used  as  the  solvent  for  the  substance  to  be  ozonided,  it  being 
carried  off  in  a  stream  of  carbon  dioxide  at  room  temperature  after  ozonidation 
was  complete.  The  ozonides  were  decomposed  with  ice,  the  structure  of  the 
hydrocarbons  used  for  ozonidation  being  inferred  from  the  analysis  of  the 
hydrolysis  products  of  the  ozonides. 

Original  products.  2,3 ,3-Trimethylbutene-l  was  produced  in  several  batches 
by  dehydrating  2,5,3-tr imethylbutanol-2  with  60^  sulfuric  acid,  'JO^  sulfuric  acid, 
and  iodine.  Best  results  were  secured  with  70^  sulfuric  acid  (Tl'J^'  theoretical 
yield).  2,3,5-Trimethylbutanol-2  was  prepared  by  the  method  described  by  V.  M. 
Tolstopyatov  [12].  The  2,3,3-trimethylbutene-l  secured  by  dehydrating  the 
alcohol  was  fractionated  into  the  column  mentioned  above,  yielding  193*5  g  of 

2.3.3- trimethylbutene-l  with  a  b.p.  of  T7*5-78*5‘*  (760  mm);  d4°0.7030;  n§°  1.40l6. 

Mol.  weight  97*7*  Bromine  number  162.7.99*^^  unsaturated  hydrocarbons. 

99*3^  unsaturated  hydrocarbons  with  a  tertiary  carbon  atom  attached  to  the 
double  bond. 

Data  in  the  literature  [I3]:  b.p.  78.0“  d^®"  0.7023;  ng®  1.U020. 

To  prove  the  structure  of  the  2,3,3-trimethylbutene-l  2.4  g  of  the  product 
was  dissolved  in  10  ml  of  ethyl  chloride  and  ozonized.  Ozonidation  continued  for 
2.5  hours.  Decomposition  of  the  ozonide  yielded  an  oily  and  an  aqueous  layer. 

The  oxime  of  pinacoline  was  isolated  from  the  former.  The  oxime  had  a  m.  p.  of 
74“  after  double  recrystallization  from  methanol.  A  test  sample  mixed  with  the 
pure  oxime  of  pinacoline  had  a  m.p.  of  7^-7^*5'’*  The  semicarbazone  of  the  pinacoline 
had  the  same  temperature  after  several  crystallizations  from  water  (^136.5“)  A 
fusion  mixture  had  a  m.p.  of  156.5-157°*  Pinacoline  was  the  only  carbonyl  com¬ 
pound  found  in  the  oily  layer. 

The  aqueous  layer  exhibited  a  positive  reaction  for  aldehydes  with  Schiff's 
solution.  We  secured  formaldehydedimedone,  which  had  a  m.p.  of  I89.I*  after 
triple  recrystallization  from  alcohol.  The  melting  point  of  a  fusion  mixture 
was  189.0“.  The  formaldehyde  yield  was  84.6^  of  the  theoretical,  based  on 

2.3.3- trimethylbutene-l.  The  yield  of  pinacoline  was  89.8^  of  the  theoretical. 

No  other  carbonyl  compounds  were  found  in  the  aqueous  layer.  This  proved  that 
we  had  secured  an  adequately  pure  2,3,3-trimethylbutene-l. 

3,3-Diniethylbutene-l  was  prepared  by  the  L.  A.  Chugayev  [l4]  method: 
dehydrating  pinacolyl  alcohol  via  methyl  xanthate.  The  slight  departure  from  the 
procedure  described  in  the  literature  [I5]  involved  the  preparation  of  the 
potassium  alcoholate  of  pinacolyl  alcohol  by  the  direct  reaction  of  metallic 
potassium  with  pinacolyl  alcohol.  In  the  foregoing  procedure  the  potassium 
alcoholates  of  secondary  alcohols  are  produced  in  an  exchange  reaction  between 
the  potassium  alcoholate  of  tertiary  amyl  alcohol  and  the  secondary  alcohols.  In 
our  procedure  we  evidently  were  utilizing  the  forgotten  demonstration  by  E.  E. 

Vagner  amd  V.  0.  Brikner  [I6]  that  metallic  potassium  does  not  isomerize  second¬ 
ary  alcohols. 

The  3,3-dimethylbutene-l  we  prepared  was  purified  by  rectifying  it  with  a 
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column.  This  yielded  22.1  g  of  3,5-dimethylbutene-l,  the  yield  being 

based  on  pinacolyl  alcohol  (Schurman  and  Boord  [17]  achieved  a  yield  of  41.6'^). 

Characteristics  of  3>5-dimethylbutene-l:  b.p.  4l-4l.5°  (T60  mm); 
df°  0.6522;  n§°  1.3770 

Mol.  weight  84.  Bromine  number  189.O.  99-^^  unsaturated  hydrocarbons  1.5^ 

unsaturated  hydrocarbons  containing  a  tertiary  carbon  atom  attached  to  the  double 
bond. 

Data  in  the  literature  [13]’  b.p.  4l.2®  (76O  mm;,  df®  0. 65 19 5  1.3766. 

4 ,4-Dimethylpentene-l  was  synthesized  by  the  method  described  by  Whitmore 
and  Homeyer  [18];  from  tert-butylmagnesium  chloride  and  allyl  bromide.  We  success¬ 
fully  used  mercuric  chloride  as  an  activator  in  synthesizing  tert-butylmagnesium 
chloride  from  ter t -butyl  chloride  and  metallic  magnesium  (fine  shavings).  The 
yield  of  4,4-dimethylpentene-l  was  34.5^  of  the  theoretical,  based  on  allyl  bromide. 
Rectification  yielded  I5.8  g  of  4,4-dimethylpentene-l  with  b.p.  of  71  72“ 

(760  mm);  d^°  0.6821;  n^g  1.3924. 

Mol.  weight  97*5 •  Bromine  number  163.  99-3l[>  unsaturated  hydrocarbons. 

No  "tertiary''  onsaturated  hydrocarbons  were  present.  The  analysis  data 
indicate  that  we  had  secured  satisfactorily  pure  3>3-<liniethylbutene-l  and 
4 , 4-dimethylpentene-l . 

Di-isobutylene .  The  raw  material  used  was  commercial  di- isobutylene,  which 
was  subjected  to  cold  sulfuric  acid  polymerization;  double  rectification  yielded 
a  fraction  that  boiled  at  100-105“;  df°  0.7201;  n^l.4l51. 

Mol.  weight  113.  Bromine  number  l40.  98-5^  unsaturated  hydrocarbons.  95-0^ 
"tertiary"  unsaturated  hydrocarbons.  The  physical  constants  indicate  that  this 
is  probably  a  3:2  mixture  of  2,4,4-trimethylpentene-l  and  2,4 ,4-tert-methylpentene-2 . 

Description  of  apparatus  and  experimental  procedure.  The  tests  were  run 
in  an  apx)aratus  of  the  flow  type,  differing  foom  the  equipment  described  previous¬ 
ly  [l]-in  that  the  liquid  was  fed  from  an  automatic  buret  [19]>  with  a  low- 
temperature  rectifying  column  [7]  being  added  to  the  receiver  to  effect  better 
separation  of  the  liquids  from  the  gaseous  products. 

The  catalyst  was  activated  and  regenerated  at  480-500*  by  passing  air  over 
it  at  the  rate  of  200-300  volumes  per  volume  of  catalyst  per  hour.  After 
activation  of  the  catalyst  was  complete,  nitrogen  was  blown  tnrough  the  system. 

The  runs  lasted  from  I5  to  60  minutes.  After  the  run  was  over,  the  liquefied 
gaseous  products  were  subjected  to  low-temperature  rectification,  and  the  liquid 
products  were  weighed.  We  have  called  the  weight  of  the  liquid  products  plus 
the  weight  of  the  liquid  residue  of  low-temperature  rectification  of  the  gas  the 
"  weight  of  catalyzate''  . 

During  regeneration  the  exhaust  gas  was  analyzed  for  its  carbon  dioxide 
content  every  3  minutes.  Regeneration  was  stopped  as  soon  as  no  more  carbon 
dioxide  was  found  in  the  exhaust  gas.  The  percentage  of  cairbon  in  the  coke  was 
determined  from  the  amount  of  carbon  dioxide  evolved.  Since  the  amount  of 
hydrogen  in  the  coke  is  low  (no  more  than  8^j ,  we  took  the  of  carbon  to  be 
the  amount  of  coke  deposited  on  the  catalyst.  In  all  our  runs  the  increase  in 
weight  of  the  reactor  greatly  exceeds  the  amount  of  coke  found.  This  discrepancy 
is  due  to  the  fact  that  tarry  products  were  deposited  on  the  glass  packing  ahead 
of  and  behind  the  catalyst  zone .  We  termed  the  difference  between  the  added 
weight  of  the  reactor  during  a  run  and  the  weight  of  the  coke  reactor  residue". 
Five  runs  were  made  with  each  sample  of  catalyst , after  which  it  was  replaced  by  a 
new  one. 
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Catalytic  cracking  of  dl-lsobutylene .  The  tests  of  the  catalytic  cracking 
of  dl- Isobutylene  were  run  In  the  550-^50®  range  at  a  rate  of  0.75  volumes  per 
volume  of  catalyst  per  hour.  The  stability  of  catalyst  operation  was  checked 
by  parallel  runs.  Some  of  our  test  results  are  listed  In  Table  1. 

TABLE  1 

Catalytic  Cracking  of  Dl-Isobutylene 


(Volumetric  rate  =  0.75  vol.  per  catalyst  vol_  per  hour; 

Atmospheric  pressure) 


Test  No. 

14 

12 

9 

10 

15 

Temperature  °c  . 

550 

430 

430 

450 

450 

Length  of  run,  minutes  . 

40 

30 

50 

40 

30 

Per  cent  by  weight  (of 

the  Initial  product):  Gas  ... 

31.7 

4l.O 

40.5 

48.2 

46.0 

Catalyzate  . 

52.5 

45.0 

46 . 0 

53.5 

35.6 

Coke  . . 

8.9 

6.1 

5.6 

9.2 

10.1 

Reactor  residue  . 

3.3 

5-5 

4.9 

4.6 

5.5 

Losses  . . . . 

5.6 

2.4 

3.0 

4.5 

2.8 

Gas  formation  (mols  per 

mol  of  charge)  . 

0.555 

- 

0.972 

- 

1.192 

Composition  of  gaseous 
products  (per  cent  by 
volume) : 

Hs  . 

1.6 

- 

1.1 

1 

0.1 

CH4 . . 

5.7 

- 

10.5 

- 

10.7 

C2H4 . . 

1.9 

- 

1.1 

- 

1.5 

CsHe  . . 

0.3 

- 

0.2 

- 

1.9 

C3H6 . . 

8.4 

- 

18.6 

- 

29.2 

C3H8 . 

2.7 

- 

3.4 

- 

4.7 

IS0-C4H8  . 

60.5 

- 

28.2 

- 

20.5 

n-C4H8  . 

12.7 

- 

24.6 

- 

23.8 

C4H10  •  . . 

6.2 

- 

12.3 

- 

7.8 

CnHPn . . . 

83.5 

- 

72.5 

- 

74.8 

^nH2n  +  2  . 

14.9 

- 

26.4 

- 

25.1 

Group  chemical  composition 
of  the  catalyzate  (per  cent 
by  weight) : 

Paraffin  and  naph- 

1 

thene  hydrocarbons  1 

11.0 

- 

56.5 

1 

47.8 

Aromatic  hydrocar- 

bons  . 

None 

— 

None 

1.7 

Unsaturated  hydro¬ 
carbons  : 

Secondary  . 

46.0 

- 

52.2 

- 

15.6 

Tertiary  . 

43.0 

- 

11.3 

- 

54.9 

The  figures  In  Table  1  Indicate  that  raising  the  temperature  results 
In  the  formation  of  more  gas.  The  per  cent  of  methane  In  the  gas  rises  as  the 
temperature  Is  raised  from  350  to  450°.  A  small  quantity  of  hydrogen  was 
found.  The  Isobutylene  formed  by  the  decomposition  of  the  dl-lsobutylene  Is 
probably  Isomer Ized  to  n-butylenes,  an  Increase  In  temperature  favoring  this 
latter  reaction.  The  presence  of  butanes  In  the  gas  may  be  attributed  to  the 
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)  Here  and  In  the  succeeding  tables  the  term  peiraffln  and  naphthene  hydro¬ 
carbons  covers  the  saturated  residue,  which  most  likely  consisted  of  paraffin 
hydrocarbons . 
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fact  that  the  isobutylene  and  n-butylenes  are  hydrogenated  to  isobutane  and 
n-butane  as  the  result  of  disproportionation  of  the  hydrogen  [25]. 

When  the  temperature  is  raised  from  550°  to  ^50° ,  the  percentage  of  un¬ 
saturated  hydrocarbons  drops  off,  both  in  the  gas  and  in  the  catalyzate.  This 
is  also  related  to  the  greater  disproportionation  of  the  hydrogen  at  450*. 

Raising  the  temperature  from  550®  to  450®  intensifies  the  isomerization  processes. 
This  is  manifested  by  a  decrease  in  the  percentage  of  tertiary  unsaturated  hyd¬ 
rocarbons.  A  small  amount  of  aromatic  hydrocarbons  was  found  in  the  catalyzate 
secured  in  the  450°  run. 

The  resulting  catalyzates  were  rectified  in  the  same  column  utilized  to 
isolate  the  initial  products.  Owing  to  the  small  amounts  of  catalyzate  avail¬ 
able,  a  mixture  consisting  of  the  catalyzates  secured  in  parallel  runs  was  frac¬ 
tionated.  Table  2  indicates  the  yield  and  the  group  chemical  composition  of 
various  fractions  of  the  catalyzate. 

The  sharp  drop  in  the  percentage  of  tertiary  unsaturated  (which  is  the 
boiling  point  of  the  original  di-isobutylene),  hydrocarbons  contained  in  the  100- 
105°  fraction  as  compared  with  the  original,  is  evidence  of  the  vigorous  isomer¬ 
ization  of  the  original  di-isobutylene.  As  the  temperature  is  raised  from  550° 
to  400° ,  the  yield  of  the  100-105°  fraction  drops  from  40  to  20^. 

TABLE  2 

Yield  and  Group  Chemical  Composition  of  the  Various  Catalyzate  Fractions 
Secured  in  the  Catalytic  Cracking  of  Di-Isobutylene 


(Volumetric  rate:  0.75  vol.  per  vol.  of  catalyst 
per  hour;  Atmospheric  pressure) 


Test  No. 

14  and  21  (550°; 

6  and  I8  '"400°) 

Fraction. 

46-100° 

msm 

BBBB 

HBWK 

105° 

Yield  (per  cent  of  the 
catalyzate  by  weight)  . 

25.2 

40.0 

34.8 

31.2 

20.0 

48.8 

Group  chemical  compo¬ 
sition: 

Paraffin  and  Naph¬ 
thene  hydrocarbons  . . . 

13.5 

4.0 

33.5 

21.5 

40.5 

Aromatic  hydro¬ 
carbons  . 

None 

None 

None 

None 

None 

Unsaturated  hydro¬ 
carbons  : 

Secondary  . 

61.5 

30.5 

14.5 

57.5 

36.0 

Tertiary  . 

25.0 

65.5 

- 

62.0 

21.3 

23.5 

The  data  listed  in  Tables  1  and  2  were  employed  in  calculating  the  per  cent 
conversion  of  the  di- isobutylene  at  various  temperatures.  Thus,  in  Tests  l4  and 
21,  run  at  550®,  the  per  cent  conversion  was  85. 5^^  while  it  was  98*0%  in  Tests 
6  and  I8,  run  at  400° .  We  defined  the  per  cent  conversion  as  the  difference  be¬ 
tween  the  amount  of  the  original  product  and  that  of  the  unchanged  product  in 
the  catalyzate  (based  on  the  initial  raw  material;. 

Catalytic  cracking  of  2,  5»  5-trimethylbutene-l.  The  2,  5^  5-trimethyl- 
butene-1  was  passed  over  the  aluminosilicate  catalyst  at  500,  550,  400  and  450° 
at  a  volumetric  rate  of  5  volume  per  volume  of  catalyst  per  hour.  The  test 
results  are  listed  in  Table  5- 
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TABLE  3 

Catalytic  Cracking  of  3,  3-Dimethylbutene-l,  4,  U-Dimethylpentene-1, 
and  2,  3»  3-Trimethylbutene-l 


(Volumetric  rate:  0-5  vol.  per  catalyst  volume  per  hour; 
Atmospheric  pressure) 


Initial  product 

3, 3-Di¬ 
methyl  - 
butene-; 

4,4-Di 
me thy 1- 
1  pentene-1 

2,: 

5 , 3-Tr imethylbutene-1 

Test  No 

53 

32 

27  [ 

31 

25 

23 

Temperature  °C* • • • 

.  400 

400 

300 

350 

4  00 

400 

450 

Per  cent  by  weight 
(of  raw  material): 

Gas  ........ 

25.1 

19  2 

3.1 

15.3 

28.0 

28.9 

30.8 

32.5 

Catalyzate  • • 

62.0 

59.6 

86.9 

78.0 

65.7 

64.0 

58.6 

57.0 

Coke  • •  . 

3.9 

13.2 

1.7  i 

1.9 

1.9 

1  1*5 

3.5 

3.0 

Reactor 

i 

residue  ..... 

5.2 

7.3 

5-6  ; 

2.0 

4.1 

5.0 

4.8 

5.5 

Losses  ...... 

3.8 

0.7 

2.7  1 

2.8 

0.3 

0.6 

2.3 

2.0 

Gas  formation 
(mols  per  mol  of  i 

charge)  . . i 

;  0.528 

0.391 

0.074 

0.350 

0.635 

0.65( 

)  0.734 

o.li 

Composition  of  | 

gaseous  products  | 
(Per  cent  by  vol-  ! 
ume ) :  ! 

H2 

'  0.4 

1.0 

1 

1 

i 

1 

i  1 

i  -  : 

0.1 

0.3 

0.3 

CH4 . . 

7.0 

1.3 

- 

:0.7  1 
1^6.3  1 

6.2 

6.0 

8.7 

8.3 

C2H4  ........ 

40.7 

0.8 

4i.o 

22.6 

20.4 

22.3 

1  22.4 

C2H6  ........ 

1  4.1 

0.2 

1.0 

0.9  1 

1.0 

0.7 

0.6 

1  0.8 

C3H6  ........ 

1  ^.5 

45.4 

21.6 

22.3 

t23.2 

26.1 

27.3 

27.5 

C^Hr . . 

;  0.5 

1.7 

1.6 

1.1 

5.5 

5.3 

9.1 

6.8 

iso-C4He  .... 

,25.3 

33.8 

:19.6 

12.5  1 

1  12.4 

12.7 

12.1 

13.3 

n-C4Ha  ...... 

,10.6 

12.0 

>12.4 

15.5 

17.3 

15.8 

13.4 

15.1 

C4H10  . 

t  6.9 

3.8 

I  2.8 

io.7 

|ll.7 

13.0 

6.2 

1  5-5 

CnH2n  ....... 

81.1 

92.0 

'94.6 

96.6 

175.5 

75.0 

75.1 

!  78.3 

CnH2n  +  2  ”  • . 

;i8.5 

7.0 

i  5.^ 

S.4 

25.4 

25.0 

24.6 

!  21.4 

Group  chemical 
composition  (per 
cent  by  weight): 
Paraffin  and 
naphthene 
hydrocarbons 

i 

i 

'  1 

i  i 

i  ! 

;  1 

1 

1 

i 

\ 

i 

1  - 

24.7 

23.9 

:  27.2 

i 

1 

'  25.6 

Aromatic 

hydrocarbons 

1 

1 

i 

None 

j  None 

1.6 

f 

!  2.0 

Unsaturated 
hydrocarbons : 
Secondary 

f 

i 

t 

)  “ 

6.2 

5.7 

6.1 

5.2 

Tertiary 

- 

- 

1  - 

■- 

69.1 

70.4 

65.1 

67.2 

Per  cent  conver¬ 
sion  . 

96.3 

86.3 

1 

;67.4  j 

[f8.9 

85. 

i 

5 

) 

j  89.4 

We  see  from  the  figures  in  Table  3  that  the  catalyzate  yield  drops  as  the 
temperature  is  raised  in  the  catalytic  cracking  of  2,3^3-trimethylbutene-l,  while 
the  yield  of  gas  rises  uninterruptedly.  A  large  percentage  of  ethylene  was  found 
in  the  gaseous  products  (ranging  from  46.3  to  2Q.k’^).  As  in  the  cracking  of 


di-lsobutylene,  the  n-butylenes  produced  in  the  decomposition  of  the  2,5,3-tri- 
methylbutene-1  6Lre  apparently  formed  because  of  the  isomerization  of  isobutylene 
The  increase  in  the  percentage  of  the  n-butylenes  as  the  temperature  is  raised 
may  be  regarded  as  partial  confirmation  of  this.  The  presence  of  butanes  in 
the  gaseous  products  and  the  data  on  the  group  chemical  composition  of  the 
catalysis  products  are  evidence  of  the  disproportionation  of  hydrogen  that 
occurs.  The  presence  of  a  small  amount  of  secondary  unsaturated  hydrocarbons 
in  the  catalyzate  indicates  that  the  2,5^ 3-trimethylbutene-l  is  only  slightly 
isomerized. 

Figure  2  shows  the  rectification  curves  of  the  catalytic  products  se¬ 
cured,  while  the  group  chemical  composition  of  the  resultant  fractions  is  given 
in  Table 

TABLE  4 

Group  Chemical  Composition  of  the  Various  Fractions  of  the  Catalysis 
Products  Secured  in  the  Catalytic  Cracking  of  2,3»3- 
Trimethylbutene-1 


Test  No.  and 
temperature 

Fraction 
boiling 
point,  ®C 

1  Per  cent  by  weight 

Paraffin 
and  naph¬ 
thene  hy¬ 
drocarbons 

Aromatic 

hydrocarbons 

Unsal 

hydrcK 

Tertiary 

curated 

rarbons 

Secondary 

r 

1  1  1  55-75  1 

54.2 

None  found 

60.8 

5.0 

Fig.  2.  Fractionation  curves  of  the  liquid  products  secured  in  the  catalytic 
conversions  of  2,3^3-trimethylbutene-l. 

1.  Ozonidation  of  a  mixture  of  the  38-^0°  fractions  (Runs  25,  26  and 
31)  and  the  37-^2°  fractions  (Runs  23  and  2hj.  2.1  g  of  the  mixture  employed. 
Ozonidation  lasted  only  15  minutes.,  after  which  the  product  was  decomposed 
with  ice.  The  resultant  oily  layer  was  not  analyzed,  since  it  evidently 
consisted  of  the  unchanged  initial  product  plus  a  slight  trace  of  hydrolysis 
products  of  the  ozonides.  The  aqueous  layer  yielded  acetaldehydedimedone 
(m.p.  139.1°.,  m.p  of  a  mixed  fusion  sample  was  139.0°)  and  acetone  oxime 
(m.p.  58°).  No  other  aldehydes  or  ketones  were  found.  This  indicates  that 
the  tested  mixture  contained  2-methylbutene-2.  The  presence  of  appreciable 
quantities  of  unsaturated  hydrocarbons  with  a  tertiary  carbon  atom  attached 
to  the  double  atom  in  the  product  subjected  to  ozonidation  indicates  that  the 
mixture  contained  from  87.5  bo  95.0^  2-methylbutene-2. 

2.  Ozonidation  of  a  mixture  of  the  56-57*  fraction  (Run  31^  and  the 
55.5  -  56.5°  fractions  (Runs  25  and  26),  totaling  0.8  g.  Ozonidation  lasted 
1  hour.  Formaldehyde  was  found  in  the  hydrolysis  products  of  the  ozonides 
(melting  point  of  the  formaldehydedimedone  189-190“ j.  A  sample  mixed  with  pure 
formaldehydedimedone  had  a  m.p.  of  l89.5°.  Quantitative  determination  of  the 
formaldehyde  via  the  dimedone  gave  the  formaldehyde  yield  as  75*8^. 

The  boiling  point  of  the  oily  layer,  determined  in  a  capillary,  was  92.5° ^ 
which  is  close  to  the  boiling  point  of  methyl  isopropyl  ketone  (93*).  The 
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oily  layer  actually  exhibited  a  positive  reaction  for  the  methyl  ketone 
(iodoform  test).  The  ozonidation  products  thus  contained  formaldehyde  and 
methyl  isopropyl  ketone.  The  formation  of  these  products  is  evidence  of  the 
presence  of  2,3-dimethylbutene-l  in  the  mixture. 

3.  Ozonidation  of  a  mixture  of  the  73-7^°  fraction  (Run  5l)^  the 
72-75°  fractions  (Runs  25  and  26),  and  the  70-75°  fractions  (Runs  23  and  24), 
totaling  1.4  g  in  all.  Ozonidation  lasted  I.5  hours.  Acetone  was  found  in  the 
aqueous  layer  ^ the  acetoneoxime  had  a  m.p.  of  59-60°  after  triple  recrystalli¬ 
zation  from  methanol,  while  a  mixed  fusion  sample  had  a  m.p.  of  59") •  The 
acetone  was  determined  quantitatively  with  hydroxy lamir.e  hydrochloride,  the 
acetone  yield  being  44.5l(»  oT  the  theoretical.  No  other  aldehydes  or  ketones 
were  found.  The  presence  of  acetone  in  the  hydrolysis  products  indicated 

that  the  original  product  contained  2,3-dimethylbutene-2 . 

4.  Ozonidation  of  the  77*5  -  79*0°  fraction  ''Run  31)  ^  totaling  1.6  g. 
Ozonidation  lasted  1  5  hrs.  Pinacolin  was  identified  in  the  oily  layer  as  the 
oxime,  with  amp.  of  73-74°  (a  mixed  fusion  sample  had  a  m.p.  of  7^°)^  while 
the  m.p.  of  the  semicarbazone  was  I56.5  -  157°  (  a  mixed  fusion  sample  had  a 
m.p.  of  156  5  -  157°)  The  pinacolin  yield  was  30.1'5()  of  the  theoretical. 
Formaldehyde  was  identified  in  the  aqueous  layer  (the  formaldehydedimedone 
had  amp.  of  190°,  and  a  mixed  fusion  sample  had  a  m.p.  of  I89.5  -  190*). 

The  formaldehyde  yield  was  29*5^  based  on  the  weight  of  the  original  sample. 

The  presence  of  formaldehyde  and  pinacolin  in  the  hydrolysis  products  of  the 
ozonldes  indicated  that  this  fraction  contained  2,3,3-trimethylbutene-l . 

Thus,  ozonidation  of  the  specified  fractions  and  analysis  of  the  products 
of  hydrolysis  of  the  ozonides  enabled  us  to  demonstrate  that  the  respective 
catalyzate  fractions  contained  2-methylbutene-2,  2,3-dimethylbutene-l, 

2. 3- dime  thy  lbutene-2,  and  2,3,3-‘trimethylbutene-l. 

Thermal  decomposition  of  2,3,3-brimethylbutene-l.  In  order  to  compare 
the  catalytic  cracking  of  2,3,3-trimethylbutene-l  with  its  thermal  decomposition 
we  ran  a  test  of  the  thermal  disintegration  of  2,3,3-trimethylbutene-l  at  400* . 

Table  5  gives  the  comparative  figures  on  the  catalytic  and  thermal  crack¬ 
ing  of  2,3,3-trimethylbutene-l.  What  is  characteristic  of  the  thermal  disinteg¬ 
ration  is  the  absence  of  the  methane  and  ethane -ethylene  fractions  in  the  gas. 
Propane-propylene  and  butane -butylene  fractions  were  secured  in  commensurable 
quantities.  Practically  no  hydrogen  disproportionation  occurred  in  the  thermal 
disintegration. 

Catalytic  cracking  of  3 ,3-dlmethylbutene-l.  As  we  had  only  a  small  quantity 
of  the  initial  product  available,  we  were  able  to  make  only  a  single  test  of  the 
catalytic  cracking  of  3,3-dimethylbutene-l .  The  test  conditions  and  the  results 
secured  are  shown  in  Table  3-  These  figures  indicate  that  the  bulk  of  the  gas¬ 
eous  cracking  products  consists  of  ethane -ethylene  and  butane-butylene  fractions. 

In  view  of  the  small  amount  of  catalyzate  (8.1  g),  the  latter  was  fraction¬ 
ated  together  with  the  high-boiling  fractions  of  kerosene  (200-250*).  This  en¬ 
abled  us  to  effect  rectification  of  the  product  under  test  with  almost  no  loss. 
The  rectification  results  are  illustrated  in  Fig.  3,  while  the  figures  on  the 
group  chemical  composition  of  the  various  fractions  of  the  catalyzate  are  listed 
in  Table  6.  These  figures  indicate  that  the  initial  fraction  consisted  chiefly 
of  the  unchanged  3,3-dimethylbutene-l.  The  third  fraction  probably  contained 

2.3- dimethylbutene-l  (b.p.  55.8°). 

Fraction  5  (72-74* j  was  ozonidized,  2.7  g  being  used.  Ozonidation  lasted 
2.5  hours.  Hydrolysis  of  the  ozonides  yielded  an  oily  layer  as  a  film,  so  that 
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TABLE  5 

Catalytic  and  Thermal  Cracking  of  2,3j5-Trimethylbutene-l 


(Rate  of  feed:  25  ml  per  hour;  length  of  run:  1  hour;  Temperature:  400") 


Indexes 

Thermal 

cracking 

Catalytic 

cracking 

Yield,  per  cent  by  weight: 

Gas 

1.1 

28.0 

Catalyzate  _ 

97.0 

65.7 

Coke,  reactor  residue,  and  losses 

1.9 

6.3 

Gas  formation,  mols  per  mol  of  charge  _  _ 

0.022 

0.635 

Composition  of  the  gaseous  products, 
per  cent  by  volume: 

Hs  _ _ ... 

■ 

0.1 

CH4 

- 

6.2 

C2H4  -  -  . 

- 

22.6 

C2H6  -  .  . 

- 

1.0 

C3H6  —  ■  • 

52.2 

23.2 

C3H8  -  — - -  .  . 

1.5 

5.5 

iso-C4He  —  _  —  _  _  _ 

38.8 

12.4 

n-C4He  _  -  -  .  .  . 

3.0  1 

1  17.3 

C4H10 

^•5  i 

11.7 

CnH2n  —  -  - 

94.0  ! 

75.5 

*^nH2n  +  2  - 

6.0 

Group  chemical  composition  of  the  catalyz¬ 
ates,  per  cent  by  weight: 

Paraffin  and  naphthene 
hydrocarbons  _ 

3.3 

24.7 

Aromatic  hydrocarbons 

None 

1  None 

Unsaturated  hydrocarbons: 

Secondary  - - -  .  _  — 

4.6 

6.2 

Tertiary  .  .  _ 

92.1 

69.1 

Per  cent  conversion  _  .  . 

4.4 

85.5 

Fig.  3-  Rectification  curve  of  the  liquid 
products  secured  in  the  catalytic  conver¬ 
sions  of  3^3-dimethylbutene-l. 


Fig.  U.  Rectification  curve  of  the 
liquid  products  secured  in  the  cat¬ 
alytic  conversions  of  4,4- dimethyl- 
pentene-1 . 
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TABLE  6 


Group  Chemical  Composition  of  the  Various  Fractions  of  the  Catalyzates 
Secured  in  the  Catalytic  Cracking  of  5^ 5-Dimethylbutene-l 
and  L,U-Dimethylpentene-l 


Fraction 

No. 

Fraction 

Boiling 

point 

Per  cent  by  weight 

Paraffin 
and  naph¬ 
thene  hy¬ 
drocarbons 

Aromatic 

hydro¬ 

carbons 

Unsaturated  hydrocarbons 

Tertiary 

Secondary 

Catalytic  cracking  of 

3 , 3-dimethylbutene-l 

1 

40-43° 

18.2 

None  found 

1.0 

78.8 

3 

50-60 

5.5 

ditto 

91  0 

3.5 

c; 

72-7^ 

26.0 

It 

72.5 

1.5 

Catalytic  cracking  of 

4,4-dimethlpetene-l 

2 

10-iy 

25.2 

None  found 

12.3 

62.5 

4 

76-78 

49.5 

ditto 

21.1 

29.4 

5 

above  78 

30.8 

9.1 

Not  determined 

it  was  not  further  analyzed.  Acetone  was  identified  in  the  aqueous  layer. 

After  double  recrystallization  from  ethyl  alcohol  the  acetone  oxime  had  a  m.p. 
of  5^ >5  -  59-5° •  A  sample  mixed  with  the  pure  oxime  of  acetone  fused  at  59  - 
59*5* •  The  acetone  yield  was  46^  of  the  theoretical.  The  absence  of  other 
aldehydes  or  ketones  is  evidence  that  the  bulk  of  the  fraction  under  test  con¬ 
sisted  of  2,5-dimethylbutene-2. 

Catalytic  cracking  of  4,4-dimethylpentene-l.  Because  of  the  small  quantity 
of  the  initial  product  available,  only  a  single  test  was  made,  the  results  being 
shown  in  Table  5*  Decomposition  of  4,4-dimethylpentene-l  results  principally 
in  the  formation  of  propylene  and  isobutylene,  the  volume  of  the  propane-  pro¬ 
pylene  fraction  (47.1^  by  volume)  corresponding  approximately  to  that  of  the 
butane -butylene  fraction  (49.6^  by  volume) .  The  fractionation  curve  of  the 
catalyzate  in  the  column  is  shown  in  Fig.  4.  The  figures  on  the  group  chemical 
composition,  especially  the  data  on  the  percentages  of  secondary  and  tertiary 
unsaturated  hydrocarbons  in  the  various  catalyzate  fractions,  indicate  that 
62.5^  of  the  70-73*  fraction  consisted  of  4,4-dimethylpentene-l,  while  29.4‘j() 
of  the  76-78°  fraction  consisted  of  4,4-dimethylpentene-2 . 

Fraction  2  (70-73°)  was  ozonidized,  1,2  g  of  the  product  being  used. 
Ozonidation  lasted  1  hour.  The  oily  layer  formed  after  hydrolysis  of  the  ozon- 
ides  yielded  an  aldehyde dime done  with  a  m.p.  of  170°  (the  dimedone  of  3,3-dim- 
ethylbutyraldehyde-1  has  a  m.p.  of  167°  [19]  )•  The  yield  of  the  dimedone  of 

3 .3- dimethylbutyraldehyde-l  was  38*1^  of  the  theoretical.  Formaldehyde  was 
identified  in  the  aqueous  layer  (a  dimedone  derivative  with  a  m.p.  of  I88.5  - 
189.5  °  being  secured,  which  passed  a  mixed  fusion  test  with  pure  formalde- 
hyde dime done ) .  The  formaldehyde  yield  was  51*0^  cent  by  weight  of  the 
theoretical.  Ozonidation  thus  enabled  us  to  demonstrate  that  the  70-73°  fraction 
contained  4,4-dimethylpentene-l. 

Evaluation  of  Results 

We  have  utilized  the  outline  of  the  disintegration  of  some  ethylene  hydro¬ 
carbons  via  the  intermediate  formation  of  cyclobutane  derivatives  suggested 
by  S.V. Lebedev  and  I . A. Vinogradov-Volzhinsky  [5]  to  explain  the  decomposition  of 

2.3.3- trimethylbutene-l .  We  believe  that  in  the  presence  of  an  aluminosilicate 
catalyst  2, 3, 3-trimethylbutene-l  is  decomposed  into  isobutylene  and  propylene. 


together  with  ethylene  and  2-methylbutene-2,  via  the  intermediate  formation  of 
1 , 1 , 2- tr imethylcyc lobutane : 


pa 

1 - 

co¬ 

rn 

0 — 

1 _ 

CH3-C — P=CH2 

CH3-C— fCIh-CHa 

CH3CH3 

H2C-r(l:H2 

pa 

CH2=CH2  +  CH3 — t=CH-CH3 
/CH3 

CH2=C  +  CH2==CH-CH3 

\:h3 


The  gaseous  products  of  the  catalytic  cracking  of  2,3>3-trimethylbutene-l 
were  found  to  contain  ethylene,  propylene,  and  isobutylene  in  commensurable 
quantities,  while  2-methylbutene-2  was  detected  in  the  catalyzate.  Unfortunately 
analytical  difficulties  prevented  us  from  establishing  the  presence  of  1,1,2- 
-tr imethylcyc lobutane  experimentally. 

The  chief  decomposition  products  are  ethylene  and  2-methylbutene-2  in  the 
temperature  range  of  300-350* >  with  propylene  and  isobutylene  in  the  400-^4-50°  range. 

3, 3-Dimethylbutene-l  breaks  down  to  form  ethylene  and  isobutylene.  If  we 
consider  the  disintegration  as  taking  place  via  a  four-membered  ring,  the  reaction 
may  be  represented  as  follows: 


CE3 

CH3-C— CH==CH2 
I:h3 


CH3-C-4-CH2 

. 

HC2-?-CH2 


/CH3 

CH2=CH2  +  CH2==C 

^CH3 


Bearing  in  mind  the  assertions  we  made  in  our  introductory  section,  we  may 
state  that  2,4,4-trimethylpentene-2  disintegrates  via  the  intermediate  formation 
of  1,1, 3, 3-tetramethylcyc lobutane,  by  analogy  with  the  suggested  equations  for 
the  decomposition  2,3,3-trimethylbutene-l  and  3^3-dimethylbutene-l.  Several  authors 
have  commented  on  the  possibility  of  the  intermediate  formation  of  that  cyclobutane 
derivative  [2,20]. 


The  data  on  the  catalytic  cracking  of  2,3,3-trimethylbutene-l,  3,3-di- 
methylbutene-1,  and  the  2,4,4-trimethylpentenes,  together  with  the  observations 
of  S.  V.  Lebedev  and  his  associates  on  the  conversions  of  asymmetrical  diphenyleth- 
ylene  [21]  and  the  diamylenes  [3]  with  floridin,  support  the  following  outline  of 
the  decomposition  of  unsaturated  hydrocarbons  of  the  (CH3]3C  -  CR  =  CR2  (R  =  HjCHs) 
type  via  the  intermediate  formation  of  cyclobutane  derivatives: 


(CH3J3C-CR=CR2 


CH3 


CH3- 


4 


CH2 


. . 


CR2 


/CH3 

CH2=C.  +  CHR=CR2 
CH3 

pa 

CH3 — C=CHR  +  CH2=CR2 


'i 

1 

« 

2 


The  presence  of  large  amounts  of  propylene  and  isobutylene  in  the  products 
of  the  catalytic  cracking  of  4,4-dlmethylpentene-l  indicate  that  it  is  possible 
for  the  latter  to  disintegrate  in  accordance  with  the  3-bond  rule. 


I'f53 


CHa 

I  3: 


a 

CH2— CH=CH2 


.CH3 

CH2=C  +  CH2=CH-CH3 

TH3 


A  reaction  of  this  sort  was  put  forward  by  S.  N.  Obryadchikov  [2]  to  explain 
the  decomposition  of  2,4,4-trimethylpentene-l  Mention  should  be  made,  however,  of 
the  possibility  of  a  shift  of  the  double  bond  toward  t^-e  center  of  the  molecule, 
which  would  result  in  a  decomposition  reaction  involving  the  intermediate  formation 
of  a  four -member ed  ring. 

It  is  worthy  of  note  that  the  conversion  of  2, 3,3-trimethylbutene-l  into 
1,1,2-trimethylcyclobutane  obviously  involved  cyclic  tautomerism,  analogous  to 
the  tautomerism  observed  in  the  autocondensation  of  various  glutaconic  esters  [22], 

We  call  this  tautomerism  hydrocyclotautomer ism.  It  may  be  assumed  that  the  shift 
from  one  tautomeric  form  to  the  other  depends  upon  the  temperature,  this  shift 
not  occurring  at  the  temperature  at  which  Lebedev  and  Kudryavtsev  ran  their 
experiments . 

The  presence  of  an  aluminosilicate  results  in  the  isomerization  of  2,5,5- 
-trimethylbutene-l,  5,5-diniethylbutene-l,  4,i4--dimethylpentene-l,  and  di-isobutylene, 
in  addition  to  their  disintegration.  In  the  catalytic  cracking  of  di- isobutylene, 
for  instance,  the  percentage  of  the  "  tertiary"  unsaturated  hydrocarbons 
decreased.  The  same  state  of  affairs  exists  in  the  catalytic  cracking  of  2,5,5- 
-trimethylbutene-1.  On  the  other  hand,  the  "  secondary"  unsaturated  hydrocarbons, 
U,4-dimethylpentene-l  and  5,5-dimethylbutene-l,  were  isomerized  to  "  tertiary*’ 
compounds.  In  some  cases  we  were  able  to  establish  the  pattern  of  the  isomeric 
transformations  of  the  various  unsaturated  hydrocarbons:  5,5-dimethylbutene-l  vas 
isomerized  to  asymmetrical  methylisopropylethylene  and,  chiefly,  to  tetramethyle- 
thylene.  This  chain  isomerism  may  take  place,  we  believe,  via  the  intermediate 
formation  of  a  three -member ed  ring  compound.  The  resultant  2,5-dimethylbutene-l 
is  apparently  isomerized  into  2,5-dimethylbutene-2,  the  double  bond  being  shifted 
farther  into  the  interior  of  the  molecule.  We  observed  a  similar  isomerization 
in  the  catalytic  cracking  of  4,U-dimethylpentene-l,  which  was  isomerized  to 
^ ,  i+-dimethylpentene-2 . 

As  we  have  already  said,  the  catalytic  cracking  of  unsaturated  hydrocarbons 
is  accompanied  by  a  hydrogen  disproportionation  [25 j.  This  is  indicated  by  the 
drop  in  the  percentage  of  unsaturated  hydrocarbons  in  the  catalyzate  below  the 
figure  for  the  initial  product.  In  the  temperature  range  we  investigated,  the 
optimum  conditions  for  the  disproportionation  of  hydrogen  are  obtained  at  400-450“ 
for  a  volumetric  rate  of  raw- mater  ial  feed  of  O.5  volumes  per  catalyst  volume  per 
hour.  The  hydrogenation  of  isobutylene  and  of  the  n-butylenes  into  isobutane  and 
n-butane,  respectively,  is  largely  due  to  hydrogen  disproportionation.  Hydrogenation 
of  isobutylene  and  n-butylene  is  a  maximum  at  400“ . 

At  temperatures  of  400-450*  the  tested  hydroceirbons  break  down,  the  methyl 
group  being  split  off  and  the  resultant  alkyl  radicals  being  saturated  as  the 
result  of  hydrogen  disproportionation.  This  is  corroborated  by  the  presence  of 
methane  in  the  gaseous  products,  as  well  as  by  the  fact  that  the  catalyzate 
sec'ured  in  the  catalytic  cracking  of  2, 5,5-tr imethylbutene-1  was  found  to  contain 
2,5-dimethylbutene-l  and  2, 5-dlmethylbutene-2. 

In  addition  to  the  decomposition,  isomerization,  and  hydrogen  disproportion¬ 
ation  reactions,  the  al’jminosilicate  also  causes  polymerization  of  the  initial 
hydrocarbons  as  well  as  of  the  products  of  the  latter’s  conversions.  The  polymer¬ 
ization  reactions  are  especially  prominent  in  the  500-^50*  range,  becoming  much  less 
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important  as  the  temperature  is  raised. 

At  temperatures  of  400-450“  a  small  quantity  of  aromatic  hydrocarbons  was 
found  in  the  high-boiling  fractions  of  the  catalyzates.  We  were  unable  to  identify 
these  aromatic  hydrocarbons  owing  to  the  minute  size  of  these  fractions  and  the 
small  percentage  of  aromatics  contained  in  them.  It  is  possible  for  the  aromatic 
hydrocarbons  to  be  formed  by  the  isomerization  of  the  original  alkenes  to  alkenes 
with  six  carbon  atoms  in  the  chain,  followed  by  their  aromatization,  or  from  the 
cracking  products.  The  latter  assumption  seems  more  likely  to  us. 

In  conclusion  we  wish  to  recall  the  statement  made  by  C.  V.  Lebedev  [24], 
to  the  effect  that  research  on  the  depolymerization  of  olefin  hydrocarbons  was  of 
interest  in  connection  with  polymerization  processes.  In  this  respect,  the  conver¬ 
sions  we  have  investigated  justify  the  endeavors  of  numerous  resesLrchers  to 
secure  2,5,3-trimethylbutene-l  from  low-molecular  unsaturated  hydrocarbons. 

The  production  of  2,3,3-trimethylbutene-l  from  ethylene  and  2-methylbutene-2  or 
isobutylene  is  thermodynamically  feasible.  Thermodynamically  speaking,  these 
processes  may  be  carried  out  at  high  pressures  and  fairly  high  temperatures 
(Fig.  5)*  The  temperatures  and  pressures  must  be  properly  correlated  to 
eliminate  competing  reactions  (polymerization  and  the  like). 

SUMMARY 

1.  The  catalytic  conversions 
of  3^3-dimethylbutene-l,  4,4-di- 
methylpentene-1,  and  2,3,3-tri¬ 
methylbutene-l  with  an  alumino-  sil- 
cate  catalyst  at  temperatures  of 
300-450®  and  at  a  volumetric  rate 
of  0.5  liter  per  liter  of  catalyst 
per  hour  have  been  investigated  for 
the  first  time,  it  being  found  that 
the  principal  conversions  occurring 
were:  disintegration,  hydrogen  dis¬ 
proportionation,  polymerization, 
isomerization,  and  the  formation  of 
coke. 

2.  The  decomposition  of  3,3- 
dimethylbutene-1,  2,3,3-trimethyl¬ 
butene-l,  and  (most  likely)  2,4,4- 
tr imethylpentene-2,  i .e.  hydrocarbons 
of  the  (CH3)3C-CR=CR2  type  (where 
R  =  H  or  CH3),  is  due  to  the  inter¬ 
mediate  formation  of  four-membered 
ring  compounds  in  accordance  with  the 
the  depolymerization  of  the  decenes. 
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THE  CONVERSIONS  OF  VINYL  ETHERS 


VI.  THE  CHEMICAL  reOPERTIES  OF  PARTIAL  ACYLALS  OF  THE 
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M.  F.  Shostakovsky  and  N.  A.  Gershtein 


In  our  preceding  report  [l],  we  found,  during  a  study  of  the  polymerization 
of  vinyl  ethers  by  carboxylic  acids,  that  no  polymerization  took  place,  the 
reaction  involving  mainly  the  addition  of  the  carboxylic  acids  to  form  partial 
acylals.  At  the  same  time  the  respective  symmetrical  acetals  and  esters  were 
formed : 


CH2=CH-0-R  +  RiCOOH  CH3CH  +  CH3CH(0R)2  +  RiCOOR. 

\)CORi 

(I)  (IIJ  (HI) 


It  was  suggested  that  the  formation  of  products  (llj  and  (ill)  is  due  to 
conversions  of  the  partial  acylal(l)  under  the  prevailing  reaction  conditions. 

In  the  present  paper  we  have  made  a  study  of  the  conversions  of  partial 
acylals  by  similar  alcohols  and  acids,  as  follows 

^OR  +RgH — CH3CH(0R)2  +  RiCOOR  +  H2O 

CH3CH  - 1 

I _ CH3CH(0C0Ri  )2  +  RiCOOR  +  H2O. 

^  +R1COOH 

Our  supposition  has  been  borne  out  in  the  main.  In  Case  (A)  it  is  fairly 
easy  to  substitute  an  acyl  group  for  the  alkoxy  one,  and  we  were  able  to  recover 
all  the  products  represented  in  the  above  reaction.  In  Case  (Bj  the  replacement 
of  the  alkoxy  group  by  an  acyl  one  required  more  severe  conditions,  and  we  did  not 
find  the  expected  complete  acylal  CH3CH(0C0Ri jp .  We  are  inclined  to  attribute 
our  failure  in  Case  (B)  to  disintegration  of  the  complete  acylal,  caused  by  the 
water  evolved  during  the  process.  It  is  not  impossible  that  adding  dehydrating 
agents,  such  as  anhydrides  of  the  respective  acids  or  others  that  possess  neutral 
or  alkaline  properties,  would  be  successful. 

Croxall,  Glavis,  and  Neher  [2]  made  a  study  of  the  reaction  involved  in  the 
addition  of  alcohols  to  vinyl  acetate,  using  a  combination  catalyst  consisting  of 
a  coordination  compound  of  the  BF3  with  esters,  alcohols,  or  organic  acids  and 
HgO  in  concentrated  sulfuric  acid.  They  secured  symmetrical  acetals  and  acetic 
acid  as  the  result  of  the  reaction.  They  represented  the  reaction  involved  as 
follows:  CH2=CH0C0CH3  +  2R0H  -►  CH3CH(0R)2  +  CH3COOH.  Hoffman  [3]  secured  an  ester 
of  the  glycol  H0CH2~CH20C0R  from  vinyl  acetate  and  ethylene  glycol  by  heating 
equimoleir  quantities  of  the  latter  with  mercuric  phosphate  as  a  catalyst.  Hermann 
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pictures  this  reaction  occurring  via  an  intermediate  alcoholysis  stage: 


CH2=CH-0C0CH3  +  ROH  CH3CHO  +  CH3COOR 
CH3CHO  +  2R0H  CH3CH(0R}2  +  H2O. 

The  above-mentioned  authors  [2]  also  succeeded  in  isolating  a-ethoxyethyl 
acetate  by  employing  a  vinyl  acetate: alcohol  ratio  that  approached  the  equimolar  and 
making  sure  that  their  reagents  were  absolutely  anhydrous.  The  authors  suggest  that 
a-ethoxy  esters  are  intermediate  products  in  the  reaction  involved  in  synthesiz¬ 
ing  acetals  from  vinyl  acetate. 

This  bears  out  our  results  regarding  the  re-esterification  of  partial  acylals 
by  alcohols  (A). 

As  for  our  conclusions  regarding  the  re-esterification  reaction  of  partial 
acylals  by  carboxylic  acids  (B) ,  it,  too,  is  supported  by  the  formation  of  a- 
ethoxyethyl  acetate  when  diethyl  acetate  is  heated  with  acetic  anhydride  [5]^ 

.OC2H5 

CH3CH(0C2H5)2  fCH3C0)20  — >  :H3CH  +  CH3COOC2H5. 

^0C0CH3 


/ 


/OR 

When  we  compare  the  CH3CH 
OR  ^ORi 


mixed  acetals  with  the  partial  acylals 


CH3CH  possessing  the  same  acetal  grouping,  we  find  that  their  chemical 

'^OCORi 

behavior  differs  considerably.  Mixed  acetals  are  readily  disproportionated 
into  the  respective  symmetrical  acetals  when  distilled,  as  we  have  reported 
previously  [6],  whereas  the  corresponding  partial  acylals  do  not  exhibit  these 
properties.  Still,  the  stability  of  the  former  is  incomparably  greater  than  that 
of  the  latter.  Partial  acylals  are  readily  hydrolyzedby  cold  water  (even  with  no 
catalyst  present),  are  titrated  with  O.IN  alkalies,  like  the  halogen  ethers,  etc. 
The  difference  in  the  behavior  of  these  compounds  is  attributable  to  the  difference 
between  the  C-QR  and  C-OCOR^^  bonds.  Whereas  the  C-OR  bond  is  almost  covalent,  the 
C— OCCEj^  bond  is  closer  to  an  ionic  one.  It  seems  to  us  that  these  reactions  take 
place  as  follows: 


,  /  , 

(I)  CH3CH 

\ 

OCQRi 


-2R0H  ^  CH3CH(QR)2+  RiCOOH  +  ROH 


CH3CH(0C0Ri;2  +  RiCOOH  +  ROH 


(II) 

(III) 


2R1COOH 

RiCOOH  ^  ROH  ^  RiCOOR  +  H2O 
CH3CH(0C0Ri)2  ^  H2O  ->CH3CH0  +  2R1COOH 


In  the  present  paper  we  have  made  a  study  of  the  re-esterification  of  partial 
acylals,  using  the  following  examples: 

^0C4H9 

1.  CH3CH  2C4H90H(2HC00HJ  . 

N. 

"OCOH 
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+  2C4H90H(2CH3C00H) . 


^0C4H9 

2.  CH3CH 

^occx:h3 

^0C4H9 

5.  CH3CIH  +  2C2H50H(2C3H7C00H)  . 

^0C0C3H7 

In  this  research  we  have  isolated  and  fully  identified  the  following 
compounds:  diethyl  and  dihutylacetals,  butyl  formate,  butyl  acetate,  and 
ethyl  butyrate. 

Simple  hydrolysis  reactions  were  employed  to  prove  the  composition  and 
structure  of  the  resultant  substances:  l)  hydrolysis  of  the  acylals  and  acetals, 
with  quantitative  determination  of  acetaldehyde  by  means  of  sodium  bisulfite; 

2)  hydrolysis,  with  titration  of  the  resulting  acid  by  an  alkali  solution;  and 
5)  hydrolysis  of  the  esters  with  alcoholic  KOH. 

EXPERIMENTAL 

A.  Re-esterification  of  Partial  Acylals  by  Alcohols . 

I.  Reaction  of  butoxyethylidene  formate  and  butanol.  The  quantities 
of  the  ingredients  used  in  the  reaction  corresponded  to  the  following  equation 
stoichiometrically: 

^R  ^OR 

CH3CH  +  2R0H->CH3Cm  +  RiCOOR  +  H2O. 

^NX:ORi  '^OR 

A  mixture  of  2^.k  g  (O.16  mol;  of  butoxyethylidene  formate  and  23.5  S 
(0.52  molj  of  butanol  was  heated  in  a  sealed  ampoule  over  a  boiling  water  bath 
for  10  hours.  No  pressure  was  found  within  the  ampoule  when  it  was  opened. 

This  yielded  46. 7  g  of  a  colorless,  transparent,  acrid  liquid. 

Fractionation  in  a  current  of  nitrogen:  FractionI:  b.p.  38-98*  (bulk 
at  95-98*),  4.6  g,  n^^  1.3912;  Fraction  II:  b.p.  29.5  -  44°  at  37  nim  (bulk 

at  38-44°),  17.3  g;  1.3920;  Fraction  III:  b.p.  45-59°  at  37  nun  (bulk  at 

55*5  -  59*5°  )^  7.7  g,  I.392O;  Fraction  IV:  b.p.  60-99.5°  at  37  nun  (bulk  at 

98-98.5° )#  14.7  g,  n^®  1.4090;  1.0  g  recovered  in  the  trap.  Total:  45.5  g  (97^). 

The  contents  of  the  trap  were  dissolved  in  water  in  a  300-ml  measuring 
flask  and  then  analyzed. 

Hydrolysis  and  determination  of  the  percentage  of  acetaldehyde.  10  ml  of 
solution:  2.6  ml  of  O.IN  I2  (K  =  1.009).  0.346^3  g  CH3CHO  found  in  300  ml. 

Hydrolysis  and  determination  of  the  percentage  of  acid.  10  ml  of  solution: 
4.1  ml  of  O.IN  NaOH  (k  =  0.909).  0.514  HCOOH  found  in  300  ml. 

These  figures  indicate  that  the  bulk  of  the  contents  of  the  trap  consist¬ 
ed  of  acetaldehyde  and  formic  acid  (86.03^). 

Fractions  I,  II,  and  III,  whose  refractive  indexes  were  rather  similar, 
could  be  assumed  to  contain  butyl  formate,  butanol,  and  formic  acid.  The 
products  were  processed  as  follows  to  recover  the  individual  substances:  all 
three  fractions  were  diluted  with  sulfuric  ether,  placed  in  a  separatory  funnel, 
and  treated  several  times  with  water.  The  ether  solution  was  desiccated  with 
freshly  calcined  Na2S04;  fractionation  of  the  solution  then  yielded  10.7  g 


1759 


(65.^5^)  of  pure  butyl  formate:  with  the  following  constants: 

B.p.  106-107°;  dig  0.8952;  djo  0.8956;  n^®  1.59l6;  27.12; 

calc.  26.99^.  0.1282  g  substance;  12.52  g  CeHe:  At  0.5^6“.  0.1268  g  substance: 
15.0^+  g  CeHe:  0.515".  Found:  M  97-77  ,  96.86.  C5H10O2.  Calculated  M  102. 

Hydrolysis  with  alcoholic  KOH.  0.1518  g  substance:  12. 58  g  0.1  N  HCl  (K  =  I.OI6). 
Found  98.91 

We  also  secured  6.7  g  of  a  substance  with  a  L.p.  of  115-117°;  1.5990, 

which  are  the  constants  for  butanol. 

Fraction  IV  was  treated  in  ether  solution  with  metallic  sodium,  yielding 
12.5  g  of  butyl  acetate,  with  a  b.p.  of  185-197°  ^44.82^  of  the  theoretically 
computed  quantity). 

d^°  0.8550;  d^°  0.8515;  1.U090;  MR^  51-75;  calc.  5I.66. 

20  4  b  D 

0.1555  g  substance;  15-50  g  CeHe:  At  0.5065°.  0.29^0  g  substance;  15-50  g 

CeHe:  t  0.5050°  . 

Found:  M  167-9,  169-5  C10H22O2.  Calculated:  M  17^- 

Hydrolysis  by  2%  sulfuric  acid,  with  determination  of  the  percentage  of  the 
acetal  by  means  of  sodium  bisulfite.  O.IO56  g  substance:  11. 85  ml  0.1  N 
I2  (K  =  0.0899;.  0.1017  g  substance:  11.55  ml  0.1  N  I2  (K  =  0.9899). 

Fo'und  96.75,  96.12. 

II.  Reaction  of  butoxyethylidene  acetate  with  butanol.  The  experimental 
conditions  employed  were  the  same  as  those  for  Experiment  I.  A  mixture  of  21  g 
(0.125  mol)  of  butoxyethylidene  acetate  and  18.5  g  (O.25  mol)  of  butanol  was 
placed  in  a  sealed  ampoule  and  heated  over  a  water  bath  for  10  hours.  No 
pressure  was  detected  when  the  ampoule  was  opened. 

Fractionation  in  a  current  of  anhydrous  nitrogen:  Fraction  I:  B.p.  5^-52°  at 
55  mm  '^^Ik  at  50-52°  Fraction  II:  b.p.  52-55°  at  55  mm,  n^®  1-5965;  (Com¬ 
bined  weight  of  Fractions  I  and  II  =  21.65  g;  Fraction  III*  D.p.  60-98°  at  55 
mm;  n^®  1.4105;  weight  15-87  g.  Residue  left  in  the  flask:  0.84  g  0.45  g 
collected  in  the  trap.  Total:  58.77  g  (98.15^)- 

The  trap  contents  were  processed  by  the  sulfite  method,  yielding  0.2l8 
g  of  CHsCHO,  and  by  titration,  yielding  0.0465  g  of  CH3COOH. 

Fractions  I  and  II,  consisting  of  butyl  acetate,  butanol,  and  acetic  acid, 
were  treated  in  ether  solution  with  a  weak  solution  of  soda  and  with  a  concen¬ 
trated  solution  of  '^alrium  chloride,  yielding  9-85  g  (67.96^  of  the  theoretical 
quantity)  of  butyl  acetate,  the  constants  of  which  were: 

B.p.  124.8  -  125.5°;  dig  0.8815;  d|°  0.8798;  ng°  1-5950;  MR^  51-585; 
calc.  5I-562. 

Hydrolysis  with  alcoholic  KOH.  0.0802  g  substance:  6.7  ml.  0.1  N.  HCl 
(K  =  1.0161  i .  Found  %:98  71- 

Fraction  HI  was  treated  with  metallic  sodium  in  absolute  alcohol, 
yielding  12.4  g  (57  01^)  of  butyl  acetal: 

B.p.  184  -  185°;  dig  0.8552;  d|®  0.8517;  ng®  I.409O;  MRp.  51-71;  calc. 

51.666.  ^ 

0.1582  g  substance;  14.17  g  C6H6;At  0  528°.  0.2620  g  substance;  l4.17 

g  C6He;^t  0  554°.  Found  M  174.6,  171.2.  C10H2PO2  Calculated  M  174. 
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Hydrolysis,  with  determination  of  the  percentage  of  acetal  via  acetaldehyde. 

0 . 2U59  g  substance:  27.^5  ml-  0*1  N<  I2  (K  =1.009^.  0.1884  g  substance: 

21. U5  ml.  0.1  N  I2  (K  =  1.009).  Found  97-99,  99-94. 

III.  Reac  ..Ion  of  ethoxyethylldene  butyrate  with  ethyl  alcohol.  A  mixture  of 
15  g  (0.094  mol)  of  ethoxyethylldene  butyrate  and  8.63  g  (O.lS  mol)  of  ethyl 
alcohol  was  sealed  into  an  ampoule  and  heated  to  154-159“  for  10  hours  over  an 
oil  hath.  No  pressure  was  detected  when  the  ampoule  was  opened. 

Fractionation  In  a  cyrent  of  anhydrous  nitrogen;  Fraction  1;  B.p.  35~80° 
(bulk  at  78-80°);  n^^  I.58IO;  Fraction  II:  b.p.  82-113°;  1-3790;  (weight 

of  Fractions  I  and  II  =  12  and  59  g,  respectively);  Fraction  III.  114-122°; 
n§°  1.3905,  8-3  g;  flask  residue:  I.89  g;  collected  In  trap:  0.35  g-  Total: 

22.93  g  (97^)- 

Fractions  I  and  II,  which  were  mixtures  consisting  chiefly  of  ethyl 
alcohol  and  diethyl  acetal,  were  diluted  with  sulfuric  ether  and  treated 
repeatedly  with  water  and  a  strong  solution  of  potash,  after  which  they  were 
desiccated  with  calcined  potash.  The  potash  filtrate  was  treated  with 
metallic  sodium  to  bind  the  traces  of  water  and  ethyl  alcohol.  Driving  off 
the  ether  yielded  5-5  g  of  diethyl  acetal  (50^  of  the  theoretical  quantity). 

B.p.  103-104°;  dig  0.829;  d^°  0.8275;  ng°  I.3818;  MRj)  33-10;  Calc. 

33-194. 

0.1558  g  substance;  l8.54  g  CeHe:  t  0.3275°-  Found:  M  114.6.  C6H14O2- 

Calculated:  M  II8. 

Fraction  III  (b.p.  114-122* j  was  diluted  with  sulfuric  ether  treated  with 
a  1^  soda  solution,  water,  and  a  strong  solution  of  calcium  chloride,  and 
desiccated  with  freshly  calcined  Na2S04.  Driving  off  the  ether  yielded  7-5  g 
of  ethyl  butyrate  (68.8^  of  the  theoretical  quantity). 

B.p.  117-2-117-8°  at  748  mm;  117.5-118*  at  76O  mm;  dfg  O.8785;  d|° 

O.877O;  n§°  I.395O;  MRj)  31-52;  calc.  31-562. 

0.1922  g  substance;  12. 76  g  CeHs:  ^t  0.707*-  0.1392  g  substance;  12. 76  g 
0.500*.  Found:  M  112.0,  IO9.5.  C6H12O2-  Calculated:  M  II6. 

Hydrolysis  with  alcoholic  KOH.  0.0487  g  substance:  4.12  ml.  0.1  N  HCl 
(K  =  1,016) .  Found  99-70. 

B.  Reaction  of  Partial  Acylals  With  Organic  Acids 

The  quantities  of  the  reagents  used  corresponded  to  the  following  equation 
stoichiometrically: 


OR 

/ 

CH3CH 

OR 


+ 


OCOR 

/ 


1 


2R1COOH  CH3CH 

\ 


OCORi 


+  RiCOOR  +  H2O. 


I  Reaction  of  butoxyethylidene  formate  with  formic  acid.  A  mixture  of 
20  g  of  butoxyethylidene  formate  and  12.6  g  of  formic  acid  was  sealed  into  an 
ampoule  and  heated  for  I5  hours  over  a  boiling  water  bath.  The  reaction  mass 
turned  black.  No  pressure  was  found  when  the  ampoule  was  opened.  The  reaction 
products  were  distilled  in  an  stmosphere  of  anhydrous  nitrogen,  the  following 
fractions  being  collected: 

Fraction  P  b.p.  90-101*  (bulk  at  98.5-99');  25  g;  n|°  1-3825; 
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Fraction  II;  b.p.  104-106® j  4.9  g;  1.3905;  flask  residue  (solid  black  mass) 
1.8  g.  Total:  31.7  g  (91 .2h<^) . 

Repeated  fractionation  of  Fraction  I  failed  to  yield  any  pure  individual 
product;  it  distil. ed  at  91-99  5“*  Fraction  I  might  have  been  expected  to 
contain  free  ECOCH,  b;.tyx  formate,  and  the  complete  acylaICH_,CH(0C0H;p .  Small 
samples  were  hydrolyzed  in  an  effort  to  determine  the  comrosition  of  this 
fraction. 

Hydrolysis,  with  determination  of  the  percenta^"-  acylal  via 
acetaldenyde  ^  0.1875  g  substance:  3.1  ml.  0  1  N  I.  K  =  0.9^‘99>  0  1532  g 

substance-  2  15  mi  0  .  N  Ip  'K  =  0.9899).  Found  %.  CH3CHfX0H)p  8.93. 

Hydrolysis  with  determinate  of  the  percentage  of  acid.  0.1798  g  substance 
17.6  ml.  0.1  N  NaOH.  0.155  substance:  15  25  ml  0.1  N  NaOH  =  1  039). 
Found  HCOOH  46.80.  47.04  (av.  46.92) 

On  the  ass.jiiptioa  that  titration  with  alkali  in  the  cold  might  not 
hydrolyze  the  expected  ester,  (HCOOC4H9),  the  alkali  hydrolysis  was  effected 
as  follows  An  excess  of  a  0.1  N  NaOH  solution  was  added  to  the  test  sample, 

a  blank  test  being  run  with  the  same  quantity  of  alkali.  A  weighed  sample  of 

the  substance  under  test  was  heated  for  I.5  hours  with  O.IN  NaOH  in  apparatus 
for  deterxiring  the  saponification  n’lmbers  of  esters,  a  blank  test  being 
run  with  the  same  quantity  of  O.IN  NaOH.  The  excess  NaOH  was  titrated  back 
witn  0  IN  H:1 

0.2355  ?  substance:  30  7  ml  0.1  N  NaOH  (K  =  1.039)  Found  HCOOH  62.39. 

The  difference  between  the  formic  acid  found  in  the  cold  and  that  found 

in  the  last  de* erminsticn  proved  to  be  62.39~46.92  =  15.47%,  which  we 
attributed  to  tne  ester  f^butyl  formate)  present  in  Fraction  I- 

Summar izing  the  results  of  our  analysis  of  Fraction  I,  we  may  represent 
its  composition  as  follows:  i)  the  complete  acylal  CH_CH(OCCH)p:  about  10%; 

2)  butyl  formate  (by  difference  from  HCOOH);  about  15^5  and  3)  free  formic 
acid  and  butanol:  about  74.5%. 

Further  processing  to  separate  the  reaction  products  was  effected 
criemical..y,  to  wit:  the  fraction  with  a  b.p.  of  97  ~  99-5*  was  diluted  with 
ether  and  cnillei  to  O’,  and  then  treated  with  calcined  potash  ground  to  a 
powder  in  order  to  bind  the  free  formic  acid.  When  no  more  COp  was  evolved, 
the  ether  layer  was  decanted,  while  the  remaining  paste  of  HCOuK  and  KpCOs 
was  washed  several  times  with  ether.  All  the  ether  extracts  were  combined 
with  the  original  ether  layer  and  desiccated  with  freshly  calcined  Na2S04 
Driving  off  the  e'^her  from  the  filtrate  and  distilling  yielded:  Fraction  I 
b.p.  x03.5  ~  104®;  3  g;  n^°  1  3920;  Fraction  II  b  p.  II5  ~  118®;  4.7  g; 

10985 

Fraction  I  'b.p.  10^  5  —  104“)  was  combined  with  the  fraction  of  the 
previous  fractionation  that  passed  over  at  104  -  106®  and  fractionated  twice  in 
a  current  of  pure  anhydrous  nitrogen,  yielding  5.6  g  of  butyl  formate: 

E.p.  105  5  -  106°;  dfg  0.8914;  df°  0.8899;  ng°  1  '912;  MRd  27.20;  calc. 

26 .944 

0.1175  g  substance;  15.0  g  C^He:^t  0  4825'  0  2072  g  substance;  13.0 

g  CeHe-^t  0.8535“  Found-  M  95-78  ,  95-80  CcHioOa  Calculated  M  102. 

jjydrolysis  with  alcoholic  KOH  0.il46  g  substance-  xO  8  ml  0.1  N  HCl 
(K  =  1  016).  Found  %-.  HCOOC4H9  97  67, 
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The  product  secured  thus  was  butyl  formate,  the  yield  being  1+0. 08^  of 
the  theoretical. 

Fraction  II  (b.p.  II5  ~  ll8° )  proved  to  be  butanol.  The  potassium  formate 
was  decomposed  by  an  aqueous  solution  of  hydrochloric  acid,  the  formic  acid 
evolved  being  driven  off  with  steam.  All  the  distillate  was  placed  in  a 
2000-ml  measuring  flask,  the  identity  of  the  HCOOH  being  proved  by  titration 
with  0.1  NaOH  and  by  the  calomel  method. 

II.  Reaction  of  but oxyethyll dene  acetate  with  acetic  acid.,  A  mixture  of  20  g 
butoxyethylidene  acetate  and  I5  g  of  acetic  acid  was  sealed  into  an  ampoule 
and  heated  for  I5  hours  over  a  boiling  water  bath.  Fractionation  of  the 
reaction  products  yielded; 

Fraction  I;  b.p.  11?  “  118’’  at  T60  mm;  ng°  1.5T80,  12.5  g  (83.35lt); 

Fraction  II.  b.p.  92  -  92.5°  at  mm;  ng°  1.4040,  17.6  g  (88^). 

Titration  of  Fraction  I  with  alkali.  O.503I  g  substance;  5^*25  ml  0.1 
N  NaOH.  0.2096  g  substance;  38*05  ml  0.1  N  NaOH  (K  =  0.909).  Found 
CH3COOH  97-62,  99.01. 

Hydrolysis,  with  determination  of  the  acylal  as  acetaldehyde.  0 . 1485  g 
substance:  I8.O  ml  0.1  N  I2  (k  =  I.OO9) .  O.O968  g  substance:  11.6  ml  0.1 

N  I2  (K  =  1.009).  Found  97-62,  98.40. 

These  results  indicate  that  no  re-rester if ication  reaction  takes  place  at 
a  temperature  in  the  neighborhood  of  100® . 

Ill-  Rgaction  of  butoxyethylidene  acetate  with  acetic  acid  at  a  higher 
temperature .  A  mixture  of  30  g  of  butoxyethylidene  acetate  and  30  g  of 
acetic  acid  (a  slight  excess)  was  sealed  into  an  ampoule  and  heated  to 
150  -  159°  for  15  hours  over  an  oil  bath.  The  reaction  mass  turned  into  a 
dark-brown,  mobile  liquid  with  the  choking  odor  of  butyl  acetate. 

Fractionation  in  a  current  of  anhy^ous  nitrogen;  Fraction  I  ;  b.p. 

36.3  -  4l°  at  34  mm;  19.87  g;  ng*^  I.3868;  Fraction  II  b.p.  41.2  -  45°  at 
34  mm;  27.20  g;  ng°  I.385O;  Fraction  III:  b.p.  45.2  —  47°  at  34  mm;  6.48  g; 
ng°  I.389O;  flask  residue  I.70  g. 

These  figures  indicate  that  none  of  the  initial  partial  acylal  (b.p.  jh  - 
75°  at  2  mm;  ng°  1.4040)  or  of  the  sought  for  complete  acylal  (b.p.  168  —  169°; 
ng°  1.399)  is  present. 

Refractionation  in  a  current  of  nitrogen  at  standard  pressure:  Fraction  I: 
b.p.  108  -  115®;  7-24  g;  n  g°  I.387O;  Fraction  II  b.p.  II6  -  120®;  28.84  g; 
ng°  I.383O;  Fraction  ill  b.p.  120  -  125-6°;  15.97  g;  ng°  I.385O. 

All  three  fractions  were  only  partly  soluble  in  water.  The  boiling  points 
and  refractive  indexes  indicated  that  the  reaction  liquid  was  a  mixture  of  butanol, 
acetic  acid,  and  butyl  acetate.  The  fractions  were  treated  as  follows  to 
isolate  these  compounds:  Fractions  I  and  II  were  diluted  with  ether  and 
repeatedly  processed  with  distilled  water  in  a  separatory  funnel.  The  aqueous 
solutions  were  collected  in  a  1000-ml  measuring  flask  (Solution  No.  1);  the 
ether  solution  was  desiccated  with  freshly  calcined  Na2S04.  Fraction  III, 
treated  in  the  same  fashion,  yielded  300  ml  of  an  aqueous  solution  (Solution 
No.  2);  its  ether  solution  was  combined  with  the  preceding  one. 

Analysis  of  the  Aqueous  Solutions 

Determination  of  the  acetaldehyde  content  of  Solution  No.l.  10  ml  of 
solutTorrrTT95'lnr~0TT'ir^^~Tir'=''0T99^97'^  10  ml  of  solution:  2.20  ml  0.1  N  I2 
(K  =  0.9969).  Found  in  1000  ml  of  CH3CHO  O.455I  g  (on  the  average). 
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Determination  of  the  acetaldehyde  content  of  Solution  No. 2.  10  ml  of 

solution:  3-5  ml  0.1  N  Ig '(K  =  0.9909).  10  ml  of  solution:  5-5  ml  0.1  N  I2 
(K  =  0.9969).  Found  in  500  ml  of  CH3CHO  0.2212  g.  A  total  of  O.6763  g  of 
CH3CHO  found  in  both  solutions,  equivalent  to  2.28?  g  of  CH3CH(0C0CH3)2 • 

Titration  with  alkali  of  the  aqueous  solutions  Nos.  1  and  2.  10  ml  of 

solutions  U8.U5  ml  0.1  N  NaOH  =  O.909).  10  ml  of  solution  48.80  ml  0.1 

N  NaOH  (K  =  0.909),  Average  found  in  1000  ml:  26. 5I  g  CH3COOH.  10  ml  solution; 
20.7  ml.  0.1  N.NaOH  (K=0.909).  10  ml . solution. ^20. 8  ml.  0.1  N.NaOH  (K=0.909) 
Average  found  in  500  ml;  5-595  g  of  CH3COOH.  A  tola  of  29-905  g  of  CH3COOH  was 
found  in  both  solutions. 

The  ether  solution  yielded  14.97  g  of  butyl  acetate,  with  the  following 
constants,  after  the  ether  had  been  driven  off  and  the  residue  distilled  twice: 

B.p.  125  -  126";  dig  O.881O;  df°  0.8794;  n|°  1-5952;  51-65;  calc. 

51.562. 

0.175  g  substance;  15-21  g  CeHe:  At  0.6l5“.  0.2207  g  substance;  15-21  g 
CeHet^t  0.787°.  Found:  M  110. 5,  111. 5.  C6H12O2.  Calculated:  M  II6. 

Hydrolysis  with  alcoholic  KOH.  O.O809  g  substance:  6.76  ml  0.1  N  HCl 
(K  =  1.016;  .  Found  io:  CH3COOC4H9  98.46. 

IV.  Reaction  of  ethoxyethylidene  butyrate  with  butyric  acid.  10  g  of 
ethoxyethylidene  butyrate  and  11  g  of  butyric  acid  were  sealed  into  an  ampoule 
and  heated  to  I70  -  175°  for  10  hours  over  an  oil  bath.  The  resultant 
reaction  mass  was  a  highly  mobile,  yellow  liquid,  with  an  apple  fragrance. 

Fractionation  in  a  current  of  nitrogen;  Fraction  I:  b.p.  50  ~  55°; 

0.8  g;  Fraction  II:  b.p.  90  -  129°  (with  water J,  8.9  g;  Fraction  III.  b.p. 

150  -  162°;  8.64  g;  flask  residue:  0.97  g;  O.85  g  collected  in  trap.  Total: 
20.58  g.  Losses:  0.  62  g. 

The  contents  of  the  trap  and  of  the  first  receiver  were  dissolved  in 
water  and  brought  up  to  a  volume  of  1000  ml,  after  which  they  were  analyzed. 

Hydrolysis  with  determination  of  the  acylal  as  acetaldeiiyde .  10  ml  of 
solutionT~lT]r^]r~0T]nr^2~Tir'=~07^9^9T-  lO  mi  of  solution;  1T15  ml  0.1  N 
I2  (K  •=  0.9969).  An  average  of  0.2467  g  of  CH3CHO  was  found  in  1000  ml, 
equivalent  to  1-55  g  of  CH3(0C0C3H7)2 - 

Hydrolysis  with  determination  of  the  acylal  as  acid.  10  ml  of  solution: 
2.25  ml  0.1  N  NaOH.  10  ml  of  solution:  2.20  ml  0.1  N  NaOH  (K  =  0.909;. 

An  average  of  I.78  g  of  C3H7COOH  was  found  in  1000  ml. 

Fraction  II  was  processed  as  in  the  preceding  experiments,  repeated  frac¬ 
tionation  yielding  4.58  g  (65^)  of  ethyl  butyrate. 

B.p.  118  -  120°;  dig  0.8785;  d|°  0.8770;  n§°  1.5955;  MRt^  51.58;  calc. 
51.562. 

0.0801  g  substance;  12.75  6  CeHe:^!  0.28l°.  0.1597  g  substance;  12.75  g 
CeHe'.Zst  0.4955°.  Found:  M  114.7,  115.4.  C6H12O2.  Calculated:  M  II6. 

Hydrolysis  with  alcoholic  KOH.  0.1274  g  substance;  10.75  ml  0.1  N  HCl 
(K  =  l.Olo;.  Found  C3H7COX2H5  99-45 

These  results  prove  that  the  partial  acylals  are  re-ester if ied  by 
analogous  acids  in  the  reactions  set  forth  above.  Under  the  prevailing 
reaction  conditions  the  complete  acylals  are  decomposed  by  the  water  evolved. 
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SUMMARY 


1.  A  study  has  been  made  of  the  reaction  of  partial  acylals  with  the 
respective  analogous  alcohols.  It  has  been  shown  that  this  reaction  results 
in  the  formation  of  acetals  and  esters. 

2.  A  study  has  been  made  of  the  reaction  of  pEirtial  acylals  with 
analogous  acids,  involving  the  formation  of  the  respective  complete  acylals 
and  esters.  Under  these  conditions  the  complete  acylals  are  hydrolyzed. 

3.  The  results  are  discussed  and  a  mechanism  is  suggested  for  these 
transformations . 
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THE  SYNTHESIS  OF  a, 3-DICHLOROETHYL  ALKYL  ETHERS  AND  THEIR  TRANSFORMATIONS 


II.  THE  SYNTHESIS  OF  a, 3-DICHLOROETHYL  METHYL  a, 3-  DICHLODIETHYL  AND  a,3- 

DICHLRODIETHYL  AND  ISOPROPYL  ETHERS 


M.  F.  Shostakovsky  and  F.  P.  Sidelkovskaya 


The  present  paper  represents  a  continuation  of  our  researches  [1]  on  the 
addition  of  chlorine  to  vinyl  ethers  in  order  to  synthesize  a,3- 
dichloroethyl  alkyl  ethers  with  the  following  general  formula: 

CHsCi-CHCl-OR. 

Ethers  of  this  structure  are  extremely  reactive  and  may  be  utilized  for 
the  synthesis  of  all  sorts  of  compounds.  For  a  long  time,  however,  these 
ethers  were  substances  that  were  hard  to  produce  and  little-known.  Suffice 
it  to  say  that  prior  to  the  researches  of  our  laboratory  there  was  only  one 
representative  of  the  a,  3-  dichloroethyl  alkyl  ethers  mentioned  in 
the  literature  (a,  3-hichlorodiethyl  ether J.  a.,3- 

dichlorodiethyl  ether  was  first  synthesized  by  Lieben  [2J  by  chlorinating 
diethyl  ether: 

CHa  -  CHs  -  OC2H5  +  2  CI2  ^  CH2CI  -  CHCl  -  OC2H5  +  2HC1. 

Up  to  recently  this  was  the  sole  known  procedure,  with  a  few  improvements 
[3],  for  the  production  of  alpha,  beta-dichlorodiethyl  ether;  it  cannot  be 
utilized,  however,  in  the  'Synthesis  of  other  representatives  of  the  homologous 
series  of  alpha,  beta-dichlorethyl  alkyl  ethers 

A  generally  applicable  and  fairly  convenient  method  of  producing  alpha, 
beta-dichloroethyl  alkyl  ethers  is  the  one  based  upon  the  addition  of  chlorine 
to  vinyl  ethers: 

CH2  =  CH  -  OR  +  CI2  CH2CI  -  CHCl  -  OR. 

In  one  of  our  preceding  reports  [1],  we  described  the  addition  of 
chlorine  to  vinyl  butyl  and  vinyl  isoamyl  ethers,  alpha,  beta-dichloroethyl 
butyl  and  alpha ^  beta-dichloroethyl  isoamyl  ethers  being  synthesized. 

The  present  paper  describes  a  significant  improvement  in  the  method  of 
synthesizing  alpha,  beta  dichloroethyl  alkyl  ethers  described  previously  [4], 
which  has  been  applied  in  the  synthesis  of  alpha,  beta-dichlorodiethyl  methyl, 
alpha,  beta-dichlorodiethyl,  and  alpha,  beta-dichloroethyl  isopropyl  ethers. 

The  distinguishing  feature  of  this  new  procedure  for  carrying  out  the 
specified  reaction  is  that  the  process  is  carried  out  at  a  low  concentration 
of  the  initial  vinyl  ether  for  a  large  peirt  of  the  time,  this  being  achieved 
by  diluting  it  with  the  halogen  and  with  the  resulting  chlorination  products. 
The  reaction  rate  is  maintained  constant  by  regulating  the  cooling  and  the 
rate  of  chlorine  supply.  Under  these  conditions  the  process  is  quieter, 
involving  no  polymerization,  and  takes  place  fast  enough,  which  is  of  special 
importance  in  applying  the  reaction  on  a  large  scale.  These  conditions  were 
worked  out  in  the  reaction  involved  in  adding  chlorine  to  vinyl  butyl  ether 
and  then  applied  to  several  other  vinyl  ethers. 

The  characteristics  of  the  synthesized  ethers  are  listed  in  Table  1. 
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TABLE  1 

Characteristics  of  Alpha,  Beta-Dichloroethyl  Alkyl 
Ethers _ 


Formula 

B.p. /mm 

d^^ 

CH2C1-CHC1-0CH'.^ . 

24.5-24.7/11 

1.4480 

1.2377 

CH2CI-CHCI-OC2H- . 

42.5-45.5/12 

1.4435 

1 . 1879 

CH2Cl“CHCl-0C3H7-iso^ 

34-54.5/9 

1.4430 

1.1255 

In  1925  Reichert  [5] 
published  a  paper  in  which 
he  mentions  the  alpha, 
beta-dichloroethyl  methyl 
ether  he  had  synthesized  by 
chlorinating  dimethyl 
acetal.  The  only  constant 
he  gives  for  the  ether  is 
its  boiling  point  (157  “ 
158°).  Closer 


acquaintance  with  the  properties  of  alpha,  beta-dichloroethyl  methyl  ether  and  its 


derivatives  led  us  to  conclude,  however,  that  the  substance  with  a  b.p.  of 


157  -  138®,  which  the  author  mistook  for  alpha,  beta-dichloroethyl  methyl  ether, 
actually  was  dimethyl  chloroacetal  CHgCl  —  CH(0CH3)2  (b.p.  13^’)- 


In  the  lower  homologs  of  the  vinyl  ethers  (R  =  CH-a,  C2H5,  and  iso-CsHy) 
the  reaction  with  chlorine  is  extremely  violent  and  does  not  stop  at  the  stage 
in  which  the  dichloro  ethers  are  formed.  The  latter  are  further  chlorinated, 
in  part,  giving  rise  to  the  alpha,  beta,  beta-trichloroethyl  alkyl  ethers 
CHCl2'~“CBCl — OR,  depressing  the  yield  of  the  principal  reaction  product.  This 
yielded  alpha,  beta,  beta  trichloroethyl  methyl  ether,  alpha,  beta,  beta— 
trichloroediethyl  ether  and  alpha,  beta,  beta  trichloroethyl  isopropyl  ether, 
the  constants  of  which  are  tabulated  in  Table  2. 


TABLE  2 


The  structure  of  the 


Characteristics  of  Alpha,  Beta,  Beta  -  Trichloroethyl 
_  Alkyl  Ethers 


Formula 

B.p. /mm 

- — 

— — 

d4 

CHCl2-CHCl-0CH3^ _ 

50.5/9 

1.4722 

1.4210 

CHC12-CHC1-0C2H- . 

51-52/5 

1.4633 

1.5195 

CHCl2-CHCl-0C3H^-iso^ 

63-64/11 

1.4640 

1.2861 

trichloroethyl  alkyl 
ethers  that  contain  one 
chlorine  atom  at  the 
alpha  position  and  two 
chlorine  atoms  at  the 
beta  position  was 
demonstrated  by  hydrolysis, 
the  resultant  product 
being  dichloroacetaldehyde. 


identified  by  its  semicarbazone  and  its  2,4-  dinitrophenylhydrazone . 


The  alpha,  beta-dichloroethyl  alkyl  ethers  synthesized  in  the  present 
research,  like  those  described  earlier  [l],  are  colorless  liquids  with  a 
penetrating  odor,  which  distil  with  decomposition  at  atmospheric  pressure.  They 
form  tar  when  heated  above  100*,  turning  into  a  black,  rubberlike  mass  at  first 
and  then  into  a  brittle  porous  mass  when  heated  to  a  higher  temperature  for  a 
long  time.  Alpha,  beta-dichloroethyl  alkyl  ethers  fume  in  the  open  air, 
gradually  liberating  hydrogen  chloride. 


The  lower  members  of  this  series  are  particularly  unstable.  Three  to 
four  hours  after  synthesis  of  the  alpha,  beta-dichloroethyl  methyl,  ethyl,  and 
isopropyl  ethers,  for  example,  their  molecular  weights,  as  determined 
cryoscopically,  are  found  to  have  dropped  off.  This  may  be  due  to  an  increase  in 
the  number  of  molecules  in  the  system,  owing  to  a  disintegration  reaction.  That 
is  why  freshly  distilled  substances  must  be  used  in  determining  the  constants  of 
the  dichloroethyl  alkyl  ethers. 


The  alpha,  beta  dichloroethyl  alkyl  ethers  are  highly  reactive  substances. 
As .has  been  said .previously  [ij,  the  most  interesting  property  of  these 

"^"5  These  compounds  have  been  synthesized  for  the  first  time. 
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compounds  is  the  extremely  high  activity  of  the  alpha  chlorine  atom.  For  instance, 
alpha,  beta-dichloroethyl  alkyl  ethers  react  vigorously  with  alcohols  and  alcohol- 
ates,  forming  acetals  of  chloroacetaldehyde : 

yOR 

CH2CI-CHCI-OR  +  R'OH  CH2CI  -  CH^  +  HCl. 

T)R' 

They  throw  down  silver  chloride  instantaneously  from  an  aqueous  solution  of 
silver  nitrate.  We  know  from  the  literature  on  alpha,  beta-dichlorodiethyl 
ether  that  a  characteristic  reaction  of  this  compound,  as  of  other  a- 
and  3  -  halogen  ethers  [6],  is  the  replacement  of  the  alpha  chlorine  atom 
by  other  groups  (R,  OCOR,  OR,  CN,  etc.  [2,7,8]).  A  no  less  interesting  property 
of  alpha, beta-dichloroethyl  alkyl  ethers  is  the  increased  activity  of  the  3- 
hydrogen  atom  in  the  chlorinated  section  of  the  molecule  [1,9]-  When  reacted 
with  tertiary  aliphatic -aromatic  amines,  for  example,  they  split  off  hydrogen 
chloride,  forming  beta-chlorovinyl  alkyl  ethers. 

Another  striking  property  of  alpha, beta -dichloroethyl  alkyl  ethers  is  the 
readiness  with  which  they  are  saponified  by  water  at  room  temperature: 

CH2CI  -  CHCl  -  OR  +  H2O  ^  CH2CI  -  CHO  +  ROH  +  HCl. 

The  hydrolysis  products  are  chloroacetaldehyde,  hydrogen  chloride  and  an  alcohol. 
When  shaken  for  a  long  time  with  water,  the  bulk  of  the  product  turns  into  a 
chloroacetal,  probably  as  the  result  of  the  following  secondary  reaction: 

CH2CI  -  CHCl  -  OR  +  ROH  ^  CH2CI  -  CH(0R;2  +  HCl, 


or 


CHpCl  -  CHO  +  2RCH  ^  CH2CI  —  CH(0R;2  +  H2O 

The  hydrogen  chloride  evolved  may  be  titrated  back  with  alkali  or  silver 
nitrate.  That  is  why  titration  of  a  sample  of  alpha, beta- dichlorethyl  alkyl 
ethers  (in  aqueous  medium)  with  the  reagents  specified  is  a  convenient  analytical 
method  of  determining  them;  we  have  utilized  it  extensively  in  determining  the 
structure  and  composition  of  the  products  synthesized. 

The  facility  with  which  alpha, beta -dichloroethyl  alkyl  ethers  are  hydrolyzed, 
forming  chloroacetaldehyde,  is  also  demonstrated  by  the  fact  that  they  exhibit 
certain  aldehyde  reactions  with  aqueous  aldehyde  reagents.  With  Schiff’s  reagent, 
for  example,  they  produce  a  pink  color,  rapidly  changing  to  violet;  they  form  a 
crystalline  derivative  of  chloroacetaldehyde  when  reacted  with  2,U-dlnitrophenyl- 
hydrazine  in  hydrochloric  acid.  This  ability  of  alpha, betek- dichloroethyl  alkyl 
ethers  to  react  in  an  aqueous  medium  like  chloroacetaldehyde  has  been  utilized  by 
several  research  workers  in  various  condensation  reactions  in  order  to  synthesize 
derivatives  of  fiuran,  pyrrole,  pyridine,  and  2-aminothiazole  [3>10,ll]. 

Like  the  alpha, beta -dichloroethyl  alkyl  ethers,  the  alpha, beta, beta- trichloro- 
ethyl  alkyl  ethers  yield  crystaloiine  derivatives  of  dichloroacetaldehyde  when 
processed  with  aqueous  solutions  of  aldehyde  reagents  (semicarbazide  hydrochloride, 
2,L-dinitrophenylhydrazine ) .  When  these  derivatives  are  boiled  with  water,  they 
are  converted  into  the  respective  glyoxal  derivatives. 
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EXPERIMENTAL 


1.  Addition  of  Chlorine  to  Vinyl  Butyl  Ether 

The  reaction  was  carried  out  in  a  three-necked  flask,  fitted  with  a 
mechanical  stirrer,  a  reflux  condenser,  and  a  thermometer  extending  to  the 
bottom  of  the  flask.  The  free  end  of  the  condenser  was  connected,  via  a  calcium 
chloride  tube,  to  a  bottle  containing  an  alkali  solution. 

A  gentle  current  of  chlorine,  dried  with  sulfuric  acid,  was  passed 
through  50  g  of  anhydrous  vinyl  butyl  ether  chilled  to  0° .  Five  to  seven  minutes 
later  the  temperature  of  the  reaction  mass  began  to  rise  quickly,  in  spite  of 
the  ex'*’ernal  chilling  with  an  ice-salt  mixt’ure  (-12  to  -15°)  and  vigorous  stirring 
The  temperature  of  the  reaction  mass  was  kept  in  the  25-50°  range  by  regulating 
the  rate  of  chlorine  supply.  After  the  liquid  to  be  chlorinated  had  turned 
greenish-yellow  (usually  30  to  LO  minutes  after  the  start  of  the  reaction),  the 
rest  of  the  vinyl  ether  was  added  to  the  reaction  flask  in  small  batches  and  the 
chlorine  feed  rate  was  increased.  In  this  stage  we  were  able  to  keep  the  temper¬ 
ature  at  30®,  notwithstanding  the  very  rapid  current  of  chlorine.  The  end  of  the 
reaction  was  Indicated  by  the  appearance  of  the  greenish-yellow  color  and  the 
cessation  of  the  spontaneous  heating  up  of  the  reaction  mass.  The  chlorination 
of  116  g  of  vinyl  butyl  ether  (I.16  mols)  was  complete  in  2  hours.  The  excess 
chlorine  was  removed  by  blowing  anhydrous  air  through  the  apparatus. 

The  initial  fraction  yielded  the  following  fractions:  I:  5^-'73*  (20  mm), 

10  g;  II:  75-85°  (20  mm),  I5O  g; ,  III:  85-90°  (20  mm),  10  g;  tar  in  residue:  25  g. 

Refractionation  yielded  iLO  g  of  alpha, beta  dichloroethyl  butyl  ether,  with 
a  b.p.  of  56-59*  (7  mm).  Yield  71^.  The  dichloroethyl  butyl  ether  had  the  follow 
ing  constants  after  further  purification:  'b.p.  50°  (6  mm);  df®  1.1024;  n§°  1.4473 

2.  Addition  of  Chlorine  to  Vinyl  Methyl  Ether 

The  addition  of  chlorine  to  vinyl  methyl  ether  was  effected,  in  the  main, 
under  the  conditions  specified  above.  The  difference  was  that  another  gas-supply 
tube  was  inserted  into  the  reaction  flask  to  introduce  gaseous  vinyl  methyl  ether. 
The  two  gases  were  continuously  fed  into  the  system  at  such  a  rate  as  to  keep  the 
temperat'ure  of  the  reaction  mass  from  exceeding  25-50*  with  external  chilling 
(-13°).  Complete  chlorination  of  29  g  (half  a  mol)  of  vinyl  methyl  ether  required 
5  hours.  The  gain  in  weight  was  29  g.  The  dissolved  chlorine  was  eliminated 
by  blowing  anhydrous  air  through  the  mass. 

Double  fractionation  yielded  three  fractions:  I:  50-40“  (18  mm;,  28  g; 

II:  40-60“  (18  mm),  I6  g;  III:  60-75°  (18  mm),  10  g:  and  2  g  of  tar  as  the  residue 

Fractions  I  and  II  yielded  20  g  of  dichloroethyl  methyl  ether  with  a  b.p.  of 
28-50*  (15  mm).  The  yield  was  59*5^  of  the  theoretical. 

Fractions  II  and  III  yielded  alpha, beta, beta  trichloroethyl  methyl  ether 
with  a  b.p.  of  53-56“  (11  mm),  totalling  17  g.  The  yield  was  20.7^  of  the  theor¬ 
etical  . 


Dichloroethyl  methyl  ether  had  the  following  constants  after  further 
purification: 


B.p.  24.5-24.7“  (11  mmj;  ng°  1.4480; 


dfo  1.2517; 


27.94; 


calc.  27.45 


0.1139  g  substance;  I8.5O  g  benzene:  ^t  0.240*;  O.I83O  g  substance;  I8.OO  g 
benzene: /St  0.400“;  5.22  mg  substance:  5.27  mg  CO2;  2.11  mg  HgO;  6.27  mg  substance 
6.51  mg  CO2;  2.58  mg  H2O;  13-270  mg  substance:  29.423  mg  AgCl;  I3.265  mg  substance 
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29-3^9  mg  AgClj  0.1322  g  substance:  10.17  ml  0.1  N  AgNOaj  O.1625  g  substance: 
12.1+5  ml  0  1  N  AgNOa.  Found-Jt:  C  27-52,  27-45;  H  4.52,  4.60;  Cl  54-85,  54-75; 
C127.2i+,  27-22.  M  131-5,  130-3-  C3H6OCI2-  Calculated  C  27-88;  H  4.68; 

Cl  54.92;  Cl’  27.52  (per  chlorine  atom);  M  128. 96. 


The  alpha, beta, beta- trichloroethyl  methyl  ether  secured  in  this  reaction 
had  the  following  constants: 

B.p.  50.5*  (9  mm);  ng°  1.4722;  df®  1.4210;  32.15;  calc, 32. 29 

6.223  mg  substance;  5-051  mg  CO2;  1-736  mg  H2O;  7-341  mg  substance: 

5.977  mg  CO2;  2,119  mg  H2O;  78.760  mg  substance:  23-000  mg  AgCl;  79-602  mg 
substance:  25.I5I  mg  AgCl;  0.0741  g  substance:  4.66  ml  0.1  N  NaOH;^  O.IO3I  g 
substance:  6.40  ml  0.1  N  NaOH;  0,0741  g  substance  :  4.55  ml  0.1  N  AgNOa: 

0.1031  g  substance:  6.25  ml  0.1  N  AgNOa;  0.2010  g  substance;  I8.IO  g  benzene: 

At  0.360°;  0.1592  g  substance;  18.I5  g  benzene: At  0.288*.  Found  C  22.14,  22.20 
H  3.12,  3-23;  Cl  64.94,  64.80;  equivalent  159,  160.8;  Cl  21.77,  21.53;  M  158.6, 
156.6.  CaHsOCla-  Calculated  C  22.03;  H  3.O8;  Cl  65. 10;  equivalent  163.4I;  Cl' 
21.70  (per  chlorine  atom);  M  163-41. 

Reaction  of  alpha, beta, beta-trichloroethyl  methyl  ether  with  2,4-dinitro- 
phenylhydrazineT  O.18  g  of  the  trichloroethyl  methyl  ether  was  added  to  a  hot 
solution  of  0.2  g  of  2,4-dinitrophenylhydrazine  dissolved  in  5  ml  of  10^  hydro¬ 
chloric  acid.  Bright-orange  crystals  of  the  2,4-dinitrophenylhydrazone  of  glyoxal 
m.p.  314-315°  (after  recrystallization  from  alcohol)  were  observed  to  form  slowly. 

3-253  mg  substance:  4.733  mg  CO2;  O.805  mg  H2O  Found'Jt:  C  39-71;  H  2.77- 
Ci4Hio08Ne-  Calculated  C  40.l8;  H  2.4l. 

3-  Addition  of  Chlorine  to  Vinyl  Ethyl  Ether 

Chlorine  was  added  to  vinyl  ethyl  ether  under  the  conditions  set  forth  for 
chlorinating  vinyl  butyl  ether. 

A  gentle  current  of  chlorine  was  passed  through  50  g  of*  anhydrous  vinyl 
ethyl  ether,  chilled  to  +3° •  Chlorination  of  this  batch  was  complete  within  2 
hours,  after  which  another  139  g  of  vinyl  ethyl  ether  was  added  a  little  at  a 
time,  while  the  chlorine  supply  was  speeded  up.  The  temperature  of  the  reaction 
mass  did  not  exceed  40°;  the  I89  g  (2.6  mols)  of  vinyl  ethyl  ether  was  chlorinated 
in  5  hours.  The  gain  in  weight  totalled  192  g.  The  excess  chlorine  was  eliminated 
by  blowing  anhydrous  air  through  the  mass.  Double  fractionation  yielded  the 
following  fractions:  I:  35-46°  (25  mmj,  20  g;  II:  46-51*  (25  mmj,  194  g; 

III:  53-58°  (25  mm),  30  g;  IV:  58-80*  (25  mm),  40  g;  with  30  g  of  tar  in  the 
residue . 

Fractions  II  and  III  yielded  206  g  of  dichlorodiethyl  ether  with  a  b.p.  of 
49-51°  (25  mm).  The  yield  was  54-1^  of  the  theoretical. 

Fractions  III  and  IV  yielded  I5  g  of  alpha, beta, beta- trichlorodiethyl 
ether  with  a  b.p.  49-54°  (5  mm).  The  yield  was  3-12^  of  the  theoretical, 
based  on  vinyl  ethyl  ether . 

The  alpha, beta-dichlorodiethyl  ether  possessed  the  following  constants 
after  supplementary  purification: 

B.p,  42.5-45.5*  (12  mm);  nj®  1.4435;  df®  I.I87O;  MR^^  32.71;  calc.  32.04. 

^)  The  alpha, beta, beta -trichloroethyl  methyl  ether  was  titrated  as  were  the  alpha, 
beta-dichloroethyl  alkyl  ethers,  the  sole  change  being  that  the  sample  of  tri¬ 
chloroethyl  methyl  ether  wa.'?  shaken  up  with  water  for  30-40  minutes  prior  to 
titration. 
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Figures  in  the  literature;  B.p.  l40-l47°;  1.174  [3]* 

0.1576  g  substance;  12  25  g  benzene: At  0.350*;  0.1421  g  substance;  15-25  g 
benzene: Zlt  0.545";  II.08I  mg  substance:  22.401  mg  AgCl;  7-753  mg  substance:  15-579 
mg  AgCl;  0.0910  g  substance*  6  53  ml  0  1  N  AgNOa;  O.IO81  g  substance;  7-53  ml  0.1 

N  AgNOa;  0.0910  g  substance:  6  29  ml  0  1  N  NaOH;  O.IO8I  g  substance:  7-53  ml 

0.1  N  NaOH.  Found  %:  Cl  50.00,  49.85;  C1‘  24.68,  24.72.  equivalent  144.6,  143.1 
M  139.8;  158  1.  C4H8OCI2.  Calculated  Cl  49.65;  Cl’  24  79  ''per  chlorine  atom); 
equivalent  142.97;  M  142.97- 

The  alpha, beta, beta- trichlorodiethyl  ether  had  t.ie  following  constants  after 
purification  ’'y  fractionation: 

B.p. 51-52°  (5  mm);  ng°  1.4630;  df®  1.5195-  MR^  57-05;  calc.  56. 91- 

0  1249  g  substance;  20  g  benzene: At  0.190";  0  1652  g  substance;  20  g 
benzene; At  0.247";  11. I3  mg  substance;  27-021  mg  AgCl;  10,009  mg  substance;  24.37 
mg  AgCl;  0.1149  g  substance:  6. 30  ml  0.1  N  NaOH,^  6.53  ml  0  1  N  AgNOa;  0.3115  g 

substance;  17-2  ml  0.1  N  NaOH;  17-15  ml  0  1  N  AgNOs  Found  Cl  60.04,  6O.23. 

Equiv.  182  4,  182  1.  Cl’  19-45,  19.48;  M  I68.5,  171-4.  C4H7OCI3  Calculated 
Cl  59-95;  equiv  177-43;  Cl’  19-98  (per  chlorine  atom);  M  177  43- 

Hydrolysis  of  alpha, beta, beta -trichlorodiethyl  ether.  10  g  of  trichloro¬ 
diethyl  ether  was  agitated  for  an  hour  with  50  ml  of  water  (the  temperature  of 
the  reaction  mass  rising  to  60" ) ,  after  which  the  mixture  was  heated  for  another 
hour  to  7O-8O"  over  a  water  bath.  The  aqueous  layer  was  separated,  neutralized 
with  barium  carbonate,  and  fractionated,  yielding  the  following  fractions: 

I:  70-85%  3  g;  II:  85-99",  5  g- 

Fraction  I  probably  consisted  of  ethyl  alcohol.  Reacting  Fraction  II  with 
2,4-dinitrophenylhydrazine  in  hydrochloric  acid  yielded  the  2,4 -dinitrophenyl- 
hydrazone  of  glyoxal  with  a  m.p.  of  515-51^°  (recrystallized  from  alcohol). 

The  glyoxal  2,4-dinitrophenylhydrazone  was  likewise  secured  by  directly 
mixing  2,4-dinitrophenylhydraz3ne  dissolved  in  hydrochloric  acid  with  alpha, beta, 
beta  trichlorodiethyl  ether.  In  this  case  the  crystalline  derivative  was  formed 
much  more  slowly. 

Reaction  of  alpha, beta, beta -trichlorodiethyl  ether  with  ethyl  alcohol; 
CHCI2-CHCI-OC2H5  C2H5OH  -2>  CHCl2-CH('0C2H5j2  +  HCl.  I5  g  of  absolute  ethyl 
alcohol  was  added  to  11  g  of  a, 3, 3  trichlorodiethyl  ether,  the  temperature 
first  dropping  from  19°  to  l6°,  and  then  rising  to  I8" .  The  reaction  mass  was 
then  set  aside  to  stand  overnight.  The  hydrogen  chloride  evolved  was  removed 
from  the  system  by  blowing  dry  air  through  it.  Fractionation  at  57  mm  yielded: 
Fraction  I;  50-40",  13  g;  Fraction  II:  52-65°,  4  g;  n^R  I.455O;  Fraction  III; 

65’,  5  g;  n|°  1,4365. 

Five  g  of  the  diethyl  acetal  of  dichloroacetaldehyde  was  secured  from 
Fractions  II  and  III  after  they  had  been  washed  with  water,  neutralized  with  soda 
and  treated  with  sodium  sulfate. 

B.n.  65-65°  (56  mm;;  nj°  I.456O;  df°  I.I31O;  MR^^  45.22;  calc  42.93:  Litera- 
data;  B.p.  l85-l84°;  d  I.1383  [7]- 

4.  Addition  of  Chlorine  to  Vinyl  Isopropyl  Ether 

A  gentle  current  of  chlorine  was  passed  through  20  g  of  chilled  vinyl  isopro- 

^)  Before  titration  the  sample  of  trichlorodiethyl  ether  was  agitated  with  water 
for  two  hours. 
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pyl  ether.  After  five  minutes  had  elapsed,  the  temperature  of  the  reaction  mass 
began  to  rise  rapidly,  reaching  ^5° . 

The  temperature  was  kept  within  the  25-30°  range  by  regulating  the  chlorine 
rate  and  the  external  chilling.  The  rest  of  the  process  was  carried  out  under 
the  conditions  specified  above.  The  chlorination  of  70  g  (0.88  mol)  of  vinyl 
isopropyl  ether  was  complete  within  5  hours.  Double  fractionation  yielded  the 
following  fractions:  I:  20-V0°  (6  mm),  71  g;  II:  40-60*  (6  mm),  15  g;  III:  75-85“ 
(6  mm),  5  gj  with  30  g  of  tar  as  the  residue. 

Fractions  I  and  II  yielded  55  g  of  a,3,-dichloroethyl  isopropyl  ether  with 
b.p.  of  42-4-5°  (15  nim).  The  yield  was  45^  of  the  theoretical. 

Fractions  II  and  III  yielded  17  g  of  a,3, 3-trichloroethyl  isopropyl  ether 
with  a  b.p.  of  57-60°  (9  mm).  The  yield  was  11^  of  the  theoretical. 

The  dichloroethyl  isopropyl  ether  possessed  the  following  constants  after 
supplementary  purification: 

B.p.  34-34.5“  (9  mm);  ng°  1.4450;  d|°  1.1235;  37-07;  calc. 36. 66. 

0.1930  g  substance;  23*3  g  benzene: At  0.280°;  0.2331  g  substance;  23-3  g 
benzene  At  0.340°;  14.586  g  substance:  2O.561  mg  CO2;  8.232  mg  HgO;  11.407  mg 
substance:  I6.OI  mg  CO2;  6.556  mg  H2O;  0.172  mg  substance:  I6.859  mg  AgCl; 

7.853  mg  substance:  14.322  mg  AgCl;  0.2049  g  substance;  12.9  ml  0.1  N  NaOH; 

0.1117  g  substance;  7-18  ml  0  1  N  NaOH;  0.2049  g  substance:  13-42  ml  0-1  N 
AgNOa;  0.1117  g  substance:  7-05  ml  0.1  N  AgNOa-  Found  C  38.46;  38.28:  H  6.33; 
6.43;  Cl  45.46,  45.08.  Equiv.  I58.8,  155.3-  Cl  22.3,  21.6;  M  152.0;  151.4 
C5H10OCI2.  Calculated  C  38.22;  H  6.42;  Cl  45, 16;  Equiv.  I56.99;  Cl  22.4  (per 
chlorine  atom). 

The  synthesized  a, 3, 3-trichloroethyl  isopropyl  ether  possessed  the  follow  - 
ing  constants: 

B.p.  63-64°  (11  mmj;  ng°  1.4640  d^2  I.286I;  MR^  41.10;  calc.  41.53. 

0.1155  g  substance;  220  g  benzene: At  0.l40°;  0.1462  g  substance;  20.7  g 
benzene:  At  0.195“;  l6.33  mg  substance;  36-532  mg  AgCl;  J8.5OI  mg  substance: 

4i.314  mg  AgCl;  0.4710  g  substance:  25-3  ml  0.1  N  NaOH;^  26.1  ml  0.1  N  AgNOa- 
Found:  M  I89.5,  l86.2  ^  Cl  55-33,  55-24;  Equiv.  185.6;  Cl  19-7.  CsHgOCla- 
Calculated  M  191.44;  Cl  55*56;  equiv.  191.44;  Cl'  18.OI  (per  chlorine  atom). 

Hydrolysis  of  a,3.0-trichloroethyl  isopropyl  ether. 

10  g  of  a,  3,  3-trichlorethyl  isopropyl  ether  was  agitated  with  5C  ml  of 
water  for  an  hour.  Then  the  reaction  mas  was  heated  to  70-80*  for  one  hour  over 
a  water  bath,  after  which  the  aqueous  layer  was  separated,  neutralized  with  barium 
carbonate,  and  frart5 onated.  The  following  fractions  were  collected:  I;  70-85° J 
ng°  1.3840;  II  85-95“;  and  III  95-98°. 

Fraction  I  was  treated  with  potash  and  fractionated,  yielding  I.5  g  of 
isopropyl  alcohol,  b.p.  72-83°;  ng°  I.578O. 

Fractions  II  and  III  yielded  a  substance  with  a  b.p.  of  95-98°,  which 
proved  to  be  dichloroacetaldehyde  contaminated  with  water. 

2  g  of  semicarbazide  hydrochloride  was  dissolved  in  the  minimum  amount  of 
water  and  neutralized  with  potash.  The  resulting  neutral  solution  was  filtered 
and  added  to  the  substance  with  the  b.p.  of  95-98*.  Rubbing  with  a  rod  resulted 

^) Titration  followed  a  preliminary  agitation  of  the  tr ichloroethyl  isopropyl  ether 
with  water  for  30-40  minutes. 
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in  the  formation  of  minute  crystals  of  dichloroacetaldehyde  semicarbazone .  The 
semicarbazone  was  washed  with  water  and  with  absolute  alcohol  and  then  dried  in  a 
vacuum  desiccator  above  sulfuric  acid.  M.p.  155"  (with  decomposition). 

The  dichloroacetaldehyde  semicarbazone  was  converted  into  the  bis-semicarba- 
zone  of  glyoxal  by  boiling  it  in  water.  The  latter  compound  is  insoluble  in 
organic  solvents.  We  used  a  substance  purified  by  repeated  boiling  with  chloro¬ 
form,  alcohol,  and  ether  for  identification:  it  did  not  melt  even  at  270®,  but 
carbonized  rapidly  at  275-280°. 

1.508  mg  substance:  0.621  ml  N2  (17";  75^  mm);  2.227  mg  substance: 

0  92U  ml  N2  (17",  756  mm).  Found  N  ^^8.53,  ^8.57-  C4H8O2N6.  Calculated 
N  48.88. 

SUMMARY 

1.  The  method  employed  in  the  synthesis  of  a, 3,-dichloroethyl  butyl  ether, 
described  previously,  has  been  improved,  the  yield  being  raised  to  71^  of  the 
theoretical . 

2.  The  a,3-dichloroethyl  methyl,  a,3-dichlorodiethyl,  and  a, 3-dichloroethyl 
isopropyl  ethers  have  been  synthesized  by  adding  chlorine  to  the  vinyl  ethers. 

5.  It  has  been  shown  that  when  chlorine  is  added  to  vinyl  methyl,  vinyl 
ethyl,  and  vinyl  isopropyl  ethers,  the  process  does  not  stop  with  the  formation 
of  a, 3-dichloroethyl  alkyl  ethers,  but  chlorination  goes  further,  a,3j3-tri- 
chloroethyl  alkyl  ethers  being  formed.  The  latter  were  isolated  and  described, 
and  their  structure  proved. 

4.  It  has  been  shown  that  a, 3  -  dlchloroethyl  alkyl  ethers  are  hydrolyzed 
extremely  easily  by  water,  yielding  chloroacetaldehyde,  alcohol,  and  hydrogen 
chloride. 

5.  A  method  has  been  worked  out  for  making  analytical  determinations  of 

a,  3  -  ''ichloroethyl  alkyl  ethers  by  titrating  them  with  silver  nitrate  or  caustic 
soda. 

6.  a, 3, 3~tr ichloroethyl  alkyl  ethers  are  likewise  readily  hydolyzed  by 
water,  though  somewhat  more  slowly  than  the  a, 3-dichloroethyl  alkyl  ethers. 
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THE  POLYMERIZATION  OF  OLEIC  ACID  AND  ITS  METHYL  ESTER  WITH  MOLECULAR 
COMPOUNDS  OF  BORON  FLUORIDE  AND  THE  PHOSPHORIC  ACIDS 

A.V.Topchiev  and  T.P. Vishnyakova. 

Several  research  projects  have  been  carried  out  recently  on  the  synthesis 
and  investigation  of  molecular  compounds  of  boron  fluoride  and  the  phosphoric 
acids,  which  are  active  catalysts  of  the  polymerization  and  alkylation  of  low- 
molecular  alkenes  [1].  Of  all  known  polymerization  catalysts  these  are  the  most 
active.  Deposited  on  activated  charcoal,  they  polymerize  ethene,  propene,  and 
the  n-butenes  in  the  gas  phase  at  atmospheric  pressure  and  100®,  though  no 
polymerization  takes  place  under  these  conditions  when  other  catalysts  are  em¬ 
ployed.  The  high  catalytic  activity  of  molecular  compounds  of  boron  fluoride 
with  the  phosphoric  acids  might  lead  one  to  suppose  that  these  compounds  would 
bring  about  the  polymerization  of  other  unsaturated  compounds  that  are  hard  to 
polymerize,  such  as  oleic  acid.  The  polymerization  of  oleic  acid  and  of  its 
esters  is  of  interest  for  the  production  of  additions  to  oils,  in  the  first 
place,  and  secondly,  for  the  synthesis  of  polybaslc  acids,  which  may  be  used 
as  raw  materials  for  the  synthesis  of  alkyd  resins  [2]. 

Not  much  information  is  available  on  the  polymerization  of  oleic  acid 
by  heat  and  catalysts.  All  the  available  papers  date  from  the  period  in  which 
catalytic  reactions  and  the  number  of  catalysts  employed  were  developing  rapidly. 
A  paper  was  published  in  1922  on  the  polymerization  of  oleic  acid  by  a  silent 
electric  discharge  [^] ,  resulting  in  the  formation  of  highly  viscous  unsaturated 
polymers.  We  also  have  a  paper  on  the  feasibility  of  polymerizing  oleic  acid 
with  hydrogen  fluoride  [4],  The  literature  likewise  cites  figures  on  the  poly¬ 
merization  of  oleic  acid  with  chlorides  of  various  metals:  SnCl4,  AICI3,  SbCla, 
and  BiCla  [5],  though  only  the  catalytic  action  of  SnCl4  has  been  investigated 
in  detail.  The  polymerization  of  oleic  acid  with  SnCl4  yielded  viscous  polymers, 
their  molecular  weight  depending  upon  the  amount  of  catalyst  used  and  the  re¬ 
action  temperature;  raising  the  temperature  of  the  reaction  from  20®  to  100® 
and  increasing  the  percentage  of  catalyst  from  5^  "to  20^  caused  the  molecular 
weight  to  rise  from  282  to  I60O.  The  polymerization  products  were  a  mixture  of 
several  polymers,  which  also  contained  a  small  amount  of  stearic  acid.  These 
polymers  were  decarboxylated,  yielding  a  mixture  of  high-polymer  hydrocarbons. 

In  1954  a  paper  was  published  on  the  effect  of  atomic  hydrogen  upon  oleic  acid 
[6].  This  reaction,  with  absolutely  no  oxygen  present,  resulted  in  the  form¬ 
ation  of  stearic  acid  plus  viscous  unsaturated  polymerization  products,  which 
were  not  investigated. 

In  1937  a  patent  was  issued  for  the  polymerization  of  unsaturated  acids 
containing  one  double  bond,  among  them  oleic  acid,  with  BF3  [?]•  It  was  re¬ 
ported  that  polymerizing  oleic  acid  with  BF3  yielded  three  products  of  unknown 
structure;  lastly,  in  1939,  a  patent  was  issued  for  the  synthesis  of  solids  by 
heating  oleic  acid  to  l40-240®  with  small  amounts  of  Se  and  Th  [8]. 

In  planning  our  investigation  of  the  polymerization  of  oleic  acid  with 
molecular  compounds  of  BF3,  we  had  in  mind  a  study  of  the  polymerization  products, 
if  possible.  The  polymerization  catalysts  used  were  moleculeir  compounds  of 
BF3  with  the  phophoric  acids,  prepared  in  accordance  with  the  procedure  set  forth 
by  Topchiyev  and  Paushkin  [9,  10,  11].  Since  the  double  bonds  must  be  affected 
when  unsaturated  compounds  are  polymerized,  the  best  indexes  to  this  process  are 
the  bromine  number  and  the  molecular  weight.  We  therefore  used  the  bromine  num¬ 
ber  and  the  molecular  weight  of  the  polymerizate  as  quantitative  polymerization 
indexes  in  all  our  experiments. 
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Tests  were  made  of  the  polymerization  of  oleic  acid  at  100“  for  600 
minutes,  using  5^  of  the  catalyst,  in  order  to  compare  the  catalytic  activity 
of  molecular  compounds  of  BF3  and  the  phosphoric  acids  with  that  of  other  cat¬ 
alysts  We  found  that  the  most  active  of  the  molecular  compounds  of  BF3  and 
the  phosphoric  acids  was  the  compound  of  boron  fluoride  with  orthophosphor ic 
acid,  the  least  active  being  the  compound  of  boron  fluoride  with  pyrophosphoric 
acid.  This  led  us  to  select  the  compound  of  boron  fluoride  with  orthophosphor ic 
acid  as  the  preferred  catalyst. 

The  per  cent  polymerization  was  calculated  in  preliminary  tests,  which 
indicated  that  in  no  case  did  the  molecular  weight  of  the  polymer  exceed  that 
of  the  dimer,  polymerization  taking  place  as  a  polymerization  of  the  monoalkenes, 
i.e.,  yielding  dimers  with  a  single  unsaturated  bond. 

In  carrying  out  the  reaction  we  learned  that  the  bromine  number  of  the 
polymerization  products  drops  rapidly  during  the  first  four  hours,  while  the 
molecular  weight  and  specific  gravity  both  rise,  no  appreciable  change  of  the 
bromine  number  occurring  during  the  subsequent  hours.  The  bromine  numbers  were 
U9.2,  38  8,  and  38. for  instance,  when  the  reaction  was  carried  out  for 

Uo,  200,  2^0,  400,  and  60O  minutes,  respectively.  On  the  basis  of  these  results 
we  set  the  duration  of  the  reaction  at  240  minutes.  We  investigated  the  poly¬ 
merization  of  oleic  acid  at  temperatures  ranging  from  20“  to  100“,  the  reaction 
not  being  explored  at  higher  temperatures  because  the  catalyst  was  not  very 
stable  at  temperatures  in  excess  of  100* .  In  the  runs  made  at  20”  the  quantity 
of  catalyst  used  ranged  from  1^  to  28%  of  the  acid  charge.  The  maximum  con¬ 
version  of  the  oleic  acid  was  71-79%  at  20”,  using  28%  of  catalyst.  The  runs 
made  at  6o“ ,  with  the  catalyst  ranging  from  1.3%  "to  2h%,  exhibited  bromine  num¬ 
bers  that  ranged  from  56-93  to  3^-85,  respectively,  and  molecular  weights  that 
ranged  from  308  to  529 >  respectively.  In  the  runs  in  which  2h%  of  catalyst  was 
used,  the  acid  numbers  diminished,  indicating  that  the  carboxylic  groups  were 
entering  into  the  reaction.  It  should  be  noted  that  when  the  catalyst  totaled 
more  than  15^  of  the  initial  raw  material,  no  appreciable  change  was  found  to 
occur  in  the  bromine  numbers  or  molecular  weights. 

The  polymerization  of  oleic  acid  is  more  thoroughgoing  at  100*,  as  is 
indicated  by  the  change  in  the  bromine  numbers  from  28. 18  to  4-2.15  and  in  the 
molecular  weights  from  558  to  430.  The  polymers  were  found  to  contain  negligible 
amounts  of  stearic  acid. 

The  figure  shows  the  curves  representing  the  variation  of  the  polymer's 
bromine  number  with  the  percentage  of  catalyst  and  the  reaction  temperature. 
Inspection  of  the  curves  shows  that  they  are  all  alike,  regardless  of  the  temper¬ 
ature  employed.  With  a  slight  increase  in  the  per  cent  of  catalyst,  the  bromine 
number  decreases  and  the  molecular  weight  rises  at  the  start  of  the  reaction.  A 
further  increase  in  the  amount  of  catalyst  used  (above  13%)  causes  a  slight  drop 
in  the  bromine  number  for  the  experiments  made  at  20“  and  60* .  In  the  100"  runs 
the  bromine  numbers  drop  more  rapidly  than  the  molecular  weights  of  the  polvmers 
rise  as  the  percentage  of  catalyst  is  increased.  This  discrepancy  between  the 
decrease  in  the  bromine  numbers  and  the  increase  in  the  molecular  weights  is 
evidence  of  the  presence  of  other  reactions  besides  polymerization  at  this  tem¬ 
perature,  resulting  in  the  formation  of  stearic  acid.  The  polymerization  prod¬ 
ucts  secured  in  the  reaction  were  unsaturated,  their  molecular  weight  not  exceed¬ 
ing  that  of  the  dimer  under  all  the  test  conditions  employed. 

Tests  were  run  of  methyl  oleate  under  the  same  conditions  as  those  used 
for  oleic  acid  in  order  to  learn  the  effect  of  the  hydrogen  in  the  carboxylic 
group  upon  the  polymerization  of  the  acid.  Comparison  of  the  catalytic  activity 
of  various  catalysts  in  the  polymerization  of  methyl  oleate  showed  that  the  most 
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active  catalyst  again  was  the  molecular  compound  of  BF3  and  orthophosphor ic  acid^ 
under  comparable  conditions  (lOO*  5^  catalyst  and  a  reaction  lasting  600  minutes). 
A  study  of  the  effect  of  the  reaction  temperature  upon  the  per  cent  polymerization 
of  methyl  oleate  indicated  that  the  reaction  does  not  occur  at  20^,  though  its 
velocity  is  perceptible  at  60  is  best  at  100°.  Nothing  but  the  dimer  of 

methyl  oleate  was  found  in  the  polymerization  of  methyl  oleate  with  a  molecular 
compound  of  BF3  with  orthophosphor ic  acid.  This  inference  is  based  upon  the 
fact  that  the  molecular  weight  of  the  resultant  polymers  did  not  exceed  the 
molecular  weight  of  the  dimer.  The  unpolymerized  methyl  oleate  was  separated 
by  virtue  of  its  solubility  in  absolute  methanol,  since  the  polymers  of  methyl 
oleate  did  not  dissolve. 

It  was  found  impossible  to  isolate  the  polymerization  products  from  the 
polymers  of  oleic  acid,  first,  because  of  the  inapplicability  of  vacuum  frac¬ 
tionation,  and  second,  because  we  were  unable  to  discover  a  selective  solvent, 
as  we  employed  for  methyl  oleate.  In  view  of  the  fact  that  there  are  numerous 
references  in  the  literature  to  the  feasibility  of  isolating  polymers  of  high- 
molecular  unsaturated  acids  from  the  polymers  of  their  esters  [I3,  1^]  and  that 
various  instances  of  the  polymerization  of  unsaturated  acids  and  their  esters 
demonstrate  that  the  nature  of  the  polymers  formed  and  the  method  of  polymer¬ 
ization  remain  the  same  for  the  acids  as  well  as  for  their  esters  [I5,  I6],  we 
secured  the  polymers  of  oleic  acid  from  the  polymers  of  methyl  oleate.  In  doing 
this  we  assumed  that  the  resultant  dimer  of  oleic  acid  may  be  a  mixture  of  un¬ 
saturated  dicarboxylic  acids,  differing  solely  in  the  position  of  their  double 
bonds . 

We  believed  that  ozonidation  of  the  mixture  of  dicarboxylic  acids,  follow¬ 
ed  by  cleavage  of  the  resultant  ozonides,  would  yield  a  mixture  of  various 
oxidation  products,  whose  identification  would  fix  the  position  of  the  double 
bond.  Cleaving  the  ozonides  of  the  dimer  of  oleic  acid  and  identifying  the 
cleavage  products  yielded  nonaldehyde,  pelargonic  acid,  and  a  substance 
(C2YH5o05)that  proved  to  be  a  mixture  of  two  dicarboxylic  keto  acids  as  we  had 
assumed: 

0=C-C(CH2J7-C00H  0=C-(CH2j7-C00H 

I  and  I 

CH3-  (CH2 )  8-CH-  (CH2 )  7-C  OOH  CH3-  (CH2 )  7-cH-  (CH2 )  8-COOH 

(I)  (Hi 

This  substance  was  oxidized  to  prove  that  a  keto  group  was  present  and  to 
determine  its  position.  In  view  of  the  possibility  that  a  large  number  of  oxid¬ 
ation  products  existed,  we  decided  to  estimate  the  position  of  the  keto  group 
by  the  presence  of  monobasic  acids:  caprylic  acid  for  (ij  and  capric  acid  for 
(llj.  Our  investigation  of  these  oxidation  products  disclosed  the  presence  of 
a  fairly  appreciable  percentage  of  caprylic  and  a  negligibly  small  amount  of 
capric  acid,  so  that  we  felt  we  were  justified  in  assuming  that  the  substance 
with  a  composition  of  C27H50O5  consisted  of  the  dicarboxylic  keto  acid  (l). 

Hence,  the  bulk  of  the  dimer  of  oleic  acid  consisted  of  an  unsaturated  dicarb¬ 
oxylic  acid,  the  formula  of  which  was: 

CH3-(CH2)8-CH-(CH2>l7-C00H 

ch3-(ch2)7-hc  =  !:-(ch2)7-cooh 
EXPERIMENTAL 

Polymerization  of  oleic  acid.  In  our  experiments  we  used  chemically 
pure  oleic  acid  that  had  been  first  vacuum-distilled  at  152-130*  and  2  mm  resi¬ 
dual  pressure,  its  constants  being  found  to  be:  df®  0.88?,  acid  number  I98.9, 
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Effect  of  percentage  of 
cataj.yst  and  reaction 
temperature  upon  the 
polymerization  of  oleic 
acid . 


bromine  number  6o.l,  and  n^°  1.4493* 

Polymerization  was  effected  in  a  glass 
reactor  into  which  the  oleic  acid  was 
charged  together  with  the  measured  amount 
of  catalyst.  The  reaction  vessel,  fitted 
with  an  electrically-driven  stirrer,  was 
connected  to  glass  receivers  filled  with 
Ba(0H)2  to  absorb  <^0?  and  placed  in  a  ther¬ 
mostat  to  maintair  the  required  temperature 
in  the  reaction  zone.  We  began  by  running 
tests  on  the  comparative  catalytic  activ¬ 
ity  of  various  molecular  compounds  of  boron 
fluoride  with  the  phosphoric  acids  and  of 
0-OO*)()j  orthophosphor ic  acid  as  catalysts  in 
the  polymerization  of  oleic  acid  at  100°, 
the  reaction  lasting  600  minutes,  and, the 
catalyst  totaling  5^  of  the  oleic  acid 
charge . 

The  results  of  these  investigations 
are  tabulated  in  Table  1. 

These  figures  demonstrate  that  the 
moleculeir  compound  of  orthophosphor  ic 
acid  with  boron  fluoride  is  the  most  active 
compound,  and  it  was  used  as  the  catalyst 
in  all  the  subsequent  tests.  The  constants 
of  this  compound  were  as  follows:  4l^  BF3; 
df®  1.952;  viscosity  in  poises  at  20®: 
0.46?. 


TABLE  1 


Catalyst 

Sp.gr.,  df° 

Molecular 

weight 

(East  method) 

Bromine 

number 

Remarks 

H-,P04  (100^)  . 

0.8872 

283 

59.8 

Does  not 
polymerize 

(C2H5;20’BF3  . 

0.8871 

282 

59  9 

H3P04-BF3  . . 

0.9261 

501 

56.8 

H4P207'2BF3  . 

0.8961 

412 

45.1 

HP03 • BF3  .  . 

0.9205 

485 

58.3 

Table  2  gives  some  of  the  results  of  our  investigations  of  the  polymeri¬ 
zation  of  oleic  acid  with  the  molecular  compound  of  boron  fluoride  and  ortho- 
phosphoric  acid. 

hy  Polymerization  of  methyl  oleate.  Methyl  oleate  was  prepared  by  the 
method  described  in  the  literature,  consisting  of  the  esterification  of  oleic 
acid  with  absolute  methanol  in  sulfuric  acid  [16].  The  resultant  methyl  oleate 
had  the  following  constants:  df®  O.djd;  bromine  number  54.1;  saponification 
number  191.  The  methyl  oleate  was  polymerized  with  the  molecular  compound  of 
boron  fluoride  and  orthophosphor ic  acid  in  the  same  apparatus  and  under  the  same 
conditions  as  those  used  for  the  acid  itself  (reaction  temperatures:  20,  60,  and 
100®;  length  of  reaction:  24o  minutes; .  Some  of  the  results  of  our  tests  of 
polymerizing  methyl  oleate  are  listed  in  Table  3 
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TABLE  2 


Reaction 

temper¬ 

ature 

Per 

cent 

cata¬ 

lyst 

Length 
of  re¬ 
action 

Polymer 

Calculated  per 
cent  polymeri¬ 
zation 

minutes 

dfo 

Brom¬ 

ine 

num¬ 

ber 

Mole- 

culeir 

weight 

Acid 

num¬ 

ber 

Visco¬ 

sity 

350 

Re¬ 
fract¬ 
ive 
index 
at  26° 

From 

the 

brom¬ 

ine 

num¬ 

ber 

From 

the 

mole¬ 

cular 

weight 

Mean 

value 

r 

5 

240 

0.892 

58,08 

290 

201 . 1 

24.61 

1.4494 

5.7 

2.7 

4.2 

20° 

10 

240 

0.906 

51-43 

640 

201,0 

28.51 

1.4502 

28.1 

27.5 

27.8 

L 

20 

240 

0.917 

41.42 

455 

39.31 

1.4518 

61.7 

61.5 

61.5 

r 

1-5 

240 

0.909 

56.95 

308 

24.9 

1.4496 

9.7 

9.2 

9.4 

10 

240 

0.921 

46.64 

420 

201.2 

32.54 

1.4511 

44.1 

1.8.9 

46.5 

20 

240 

0.931 

35-54 

505 

198.9 

45.15 

1.4533 

81.4 

79.0 

80.2 

L 

24 

240 

0.933 

34.85 

529 

168.6 

47.97 

1.4539 

84.5 

87.5 

86.1 

3 

240 

0.899 

42.15 

430 

38.34 

1.4519 

58.8 

52.4 

55.6 

10 

24  0 

0.929 

35-06 

518 

168.3 

47.15 

1.4541 

83.3 

84.1 

83.4 

- 

20 

240 

1  0.957 

29.63 

545 

141.2 

56.68 

1.4549 

101. 0 

I95.2 

97.1 

TABLE  5 


Reaction 

temper¬ 

ature 

Per 

cent 

cata¬ 

lyst 

1 

Length 
of  re¬ 
action 
minuter 

I 

Polymer 

Calculated  per 
cent  polymeri¬ 
zation 

Brom¬ 

ine 

num¬ 

ber 

Mole¬ 

cular 

weight 

Visco¬ 

sity 

350 

Re¬ 
fract¬ 
ive 
index 
at  26° 

From 

the 

brom¬ 

ine 

num¬ 

ber 

From 

the 

mole¬ 

cular 

weight 

Mean 

value 

r 

5 

240 

1  0.889 

51.18 

525  1 

1  10.4 

1.4426 

10.7 

9-1  1 

9-9 

60° 

10 

240 

0.896 

46.24 

371 

14  6 

1.4457 

29.2 

25-4  ! 

27-3 

i 

20 

24  0 

0.909 

40.46 

448 

20.1 

1,4488 

50.0 

51-3 

50.6 

100  r 

5 

240 

0.902 

44.83 

345 

15.6 

1.4465 

34.3 

30.1 

52.2 

10 

240 

C.909 

41.46 

434 

19.1 

1.4484 

47.0 

46.6 

46.8 

1 

20 

240 

1  0.917 

56.71 

487 

I  25.1 

1.4502 

64.4 

64.6 

64.5 

cj  Isolating  the  dimer  of  oleic  acid.  The  dimer  of  oleic  acid  was  pro¬ 
duced  by  saponifying  the  dimer  of  methyl  oleate.  The  procedure  used  for  the 
recovery  of  the  dimer  of  methyl  oleate  involved  triple  extraction  of  the  polymers 
of  methyl  oleate  with  absolute  methanol,  followed  by  saponifying  the  undissolved 
polymerization  products  and  eliminating  the  traces  of  methanol.  The  substance 
left  after  the  CH3OH  had  been  eliminated  had  the  following  physicochemical  con¬ 
stants  : 

Bromine  number  27.85  saponification  number  190.3 
0.2620  g  substance:  0.7^36  g  CO2;  O.289  g  H2O.  0.4486  g  substance; 
21.0876  g  benzene:  At  1.846°.  Foand  C  77-45;  H  12.34;  M  590. 
(Ci9H3602)2-  Calculated:  bromine  number  27-8.;  saponification  num¬ 
ber  150.5;  ^  C  77-23;  ^  H  12.16;  M  594. 


The  moleculELT  weight  and  the  per  cent  carbon  and  hydrogen  indicate  that 
this  substance  is  the  dimer  of  methyl  oleate,  an  unsaturated  compound  (bromine 
number).  The  dimer  of  methyl  oleate  was  saponified  with  alkali  the  resulting 
salt  was  decomposed  with  hydrochloric  acid,  and  the  organic  acid  was  extracted 
with  diethyl  ether,  which  was  driven  off  at  reduced  pressure 

The  substance  secured  after  the  dimer  of  methyl  oleate  had  been  sapon¬ 
ified  had  the  following  physicochemical  constants* 

df®  0  926;  bromine  number  29-8;  acid  number  l^^B 

1.1^4^56  g  substance;  19  2415  g  benzene*  ^t  0  70  0.08l4  g  substance; 

0  ^552  g  camphor:  At  12  85”.  Found:  M  59Q,  ^6o  '  (Cj eH:>402)?  . 

Calculated*  bromine  number  29  9’,  acid  number  I98  M  56^- 

d)  Ozonating  the  dimer  of  oleic  acid  and  identification  of  the  decomp¬ 
osition  products  The  dimer  of  oleic  acid  was  ozonidated  in  a  carbon  tetrachlo¬ 
ride  solution  at  -8'^.  Ozonation  lasted  1  hour  on  the  average  per  gram  of  the 
substance  The  concentration  of  the  ozone  used  ranged  from  10  to  15^.  After 
the  reaction  was  complete,  the  solvent  was  driven  off  at  reduced  pressure, 
analysis  of  the  residual  substance  giving  the  following  results* 

0.2175  g  substance.  0  5^15  g  CO2;  0.2131  g  H^O  0. 2*^16  g  substance 

20  0^U2~g  benzerp-At  0.102°.'  Found  C  70.71;  H  10  96,  M  605  CseH^eOr 

Calculated  C  70  58;  H  11.12;  M  6l2. 

The  substance  synthesized  was  thus  the  satisfactorily  pure  ozonide  of  the 
dimer  of  oleic  acid  "^he  ozonides  were  then  cleaved  by  heating  them  for  2  hours 
over  a  water  bath  with  ^  times  their  weight  of  water  After  the  mixture  had 
cooled,  it  was  treated  with  a  3^  solution* of  Na2C03  and  with  ether.  The  sodium 
carboriate  solution  was  acidified  with  hydrochloric  acid  and  extracted  with 
ether;  an  extremely  minute  quantity  of  a  substance  was  found,  which  proved  to  be 
pelargonic  acid,  as  had  been  assumed  from  its  molecular  weight  and  acid  number 

The  oily  substance  recovered  after  the  ether  had  been  removed  was  fract¬ 
ionated  in  vacuum,  the  following  definite  fractions  being  collected,  capraldehyde 
(traces)  passed  over  at  23  mm  and  65-85  ;  nonaldehyde  at  17  mm  and  8O-IO5  ; 
caprylic  acid  (traces)  at  10  mm  and  II5-I3O*;  pelargonic  acid  at  10  mm  and  130- 
150  *;  the  residue  above  150“/l0  mm  consisting  of  high-molecular  products. 

We  did  not  make  any  investigation  of  the  65-85* /23  mm  fraction,  owing  to  its 
minute  size  It  turned  fuchsinsulfurous  acid  a  reddish-purple.  The  80-105°/ 

10  mm  fraction  was  refined  via  a  bisulfite  compound,  after  which  the  semicar - 
bazone  was  prepared  The  semicarbazone  had  amp.  of  98  3  after  recrystalli¬ 
zation  from  methanol.  K. Harries  [17]  gives  100*  as  the  m  p  of  the  pure  semi¬ 
carbazone  of  nonaldehyde  The  115-150’/lO  mm  fraction,  representing  caprylic 
acid,  was  not  identified  owing  to  the  infinitesimally  minute  quantity  available 
The  present  authors  resolved  to  confine  themselves  to  a  qualitative  reaction 
(heating  with  o-phthalaldehyde  produced  a  blue  color  that  vanished  upon  cooling) 
and  an  ultimate  analysis 

We  p’urified  the  115-150°/l0  mm  fraction  via  the  barium  salt  and  then 
analyzed  it : 

Acid  number  355-6 

0.5017  g  substance;  21  151  g  benzene*  At  0.48l*  0.1064  g  substance; 

0  6635  g  camphor:  At  41.72°.  Found:  M  I52,  154  CsHigO^.  Calculated* 

M  158;  Acid  number  35^*4 

We  used  the  prepared  substance  to  get  the  lead  salt,  its  melting  point 
being  95'"  after  recrystallization  from  alcohol  Neave  [18]  gives  -94-95*  as  the 
m.p.  of  the  pure  lead  salt  of  pelargonic  acid. 
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The  residue  above  150®/l0  mm  was  a  viscous  dark  substance,  which  turned 
sulfurous  acid  a  reddish-purple  and  proved  to  be  a  mixture  of  high-molecular 
disintegration  products,  as  we  had  assumed: 

Acid  number  201.0 

0.856  g  substance:  0.^703  g  CO2;  0.1062  g  H2O.  0.1013  g  substance; 

0.5437  g  camphor:  At  15.9°.  Found  C  69. 9I;  H  10.93;  M  468. 

C27H50O5.  Calculated  C  71-36;  H  11.01;  M  457;  Acid  number  246.7. 

The  slight  deviations  of  the  measured  values  of  molecular  weight,  acid 
number,  and  per  cent  carbon  and  hydrogen  from  the  calculated  values  may  evid¬ 
ently  be  attributed  to  the  presence  of  minute  traces  of  high-moleculeir  products, 
which  could  only  be  tricarboxylic  acids. 

We  oxidized  the  C27H50O5  substance  (l50°/l0  mm)  to  prove  the  presence  of 
a  keto  group  as  well  as  its  position,  in  the  belief  that  the  traces  of  tricarb¬ 
oxylic  acids  would  not  interfere,  since  they  do  not  form  oxidation  products. 

The  150‘’/l0  mm  fraction  was  oxidized  with  potassium  permanganate  in  alkali.  In 
view  of  the  possible  presence  of  a  large  number  of  oxidation  products,  we  dec¬ 
ided  to  estimate  the  position  of  the  keto  group  by  the  presence  of  monobasic 
acids:  caprylic  acid  for  (ij  and  capric  acid  for  (llj.  The  resultant  oxidation 
products  were  fractionated  in  vacuum  at  10  mm  residual  pressure,  only  two  frac¬ 
tions  being  collected:  121-125“  and  159-163°,  caprylic  and  capric  acids,  res¬ 
pectively. 

The  121-125“ /lO  mm  fraction,  secured  when  we  distilled  the  oxidation 
products,  was  identified  as  its  lead  salt.  The  melting  point  of  the  lead  salt 
was  found  to  be  02° .  According  to  the  literature  the  melting  point  of  the  pure 
lead  salt  of  caprylic  acid  is  84-05*  [10].  We  did  not  analyze  the  159-l63°/lO 
mm  fraction  owing  to  its  minute  size. 

SUMMARY 

1.  In  a  comparison  of  the  catalytic  action  of  various  catalysts:  H3PO4 
(100^),  (C2H5)20  •  BF3,  HPO3  •  BF3,  H3PO4  •  BF3  and  H4P2O7  •  2BF3  in  the  poly¬ 
merization  of  oleic  acid,  the  compound  of  boron  fluoride  with  orthophosphor ic 
acid  was  found  to  be  the  most  highly  active  of  the  compounds  tested. 

2.  The  polymerization  of  oleic  acid  and  of  its  ester  at  various  reaction 
temperatures  showed  that  the  per  cent  conversion  rose  with  the  temperature  for 
the  acid  and  for  its  ester.  The  per  cent  polymerization  was  lower  for  the  methyl 
oleate  than  for  the  acid  itself  in  all  the  tests  (at  comparable  conditions). 

5.  Analyses  of  the  resultant  polymers  (molecular  weight,  bromine  number) 
indicated  that  polymerization  goes  as  far  as  the  dimer. 

4  The  polymerization  of  methyl  oleate  yielded  the  dimer  of  methyl  oleate. 
Saponifying  the  latter  yielded  the  dimer  of  oleic  acid,  its  physicochemical 
constants  and  per  cent  carbon  and  hydrogen  indicating  that  it  is  the  'unsaturated 
dicarboxylic  acid  C36H68O4. 

5-  The  polymerization  products  of  oleic  acid  have  been  ozonated  for  the 
first  time.  Ozonation  of  the  dimer  of  oleic  acid  yielded  the  following 
characteristic  derivatives,  which  were  identified:  nonaldehyde  and  pelargonic 
acid  plus  a  mixture  of  two  dicarboxylic  keto  acids,  with  the  formula  of  C27H50O5. 

6.  Oxidation  of  the  product  with  the  composition  of  C27H50O5  yielded 
caprylic  acid  and  traces  of  capric  acid,  which  served  as  the  basis  for  the  con¬ 
clusion  that  the  bulk  of  the  product  consisted  of  the  dicarboxylic  keto  acid 
(l),  while  the  dimer  of  oleic  acid  consisted  of  the  unsaturated  dicarboxylic 
acid: 


C  H3-  ( C  Hs )  8-C  ft-  ( C  Hs )  r-C  OOH 
CEs-iCEs  )tEC  -(CHsJr-COOH 
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THE  VICINAL  EFFECT 


II.  THE  ANOMALOUS  IHOPERTIES  OF  CARBON  FLUORIDES 

D.  Tischenko 
I 

Ten  years  ago  the  study  of  the  reactivity  of  aliphatic  polychlorides  led 
me  to  propose  the  concept  of  the  "vicinal  effect”  (the  effect  of  proximity)  [l]. 

In  that  paper  I  wrote:  "The  term  'vicinal  effect'  may  be  proposed  to  denote 
the  interaction  of  two  or  more  polar  substituents  in  an  organic  molecule.  The 
so-called  'ortho-effect'  in  aromatic  compounds  is  a  special  case  of  the  vicinal 
effect.  In  the  case  of  negative  substituents  (in  the  C  -  X  dipole  the  valence 
electron  pair  is  closer  to  the  atom  or  group  X) ,  the  vicinal  effect  bolls 
down  to  a  decrease  in  the  values  of  the  partial  dipole  moments  of  the  C  -  X 
bonds  and  to  an  Interference  with  the  ionization  of  the  X  atoms  or  groups.  In 
the  case  of  positive  substituents  (the  valence  electron  pair  is  closer  to  C  in 
the  C  -  X  dipole),  the  vicinal  effect  again  results  in  a  decrease  of  the  partial 
dipole  moments  of  the  C  -  X  bonds,  but,  in  contrast  to  the  preceding  case, 
the  ionization  of  the  X  groups  is  facilitated.  The  vicinal  effect  is  most 
prominently  manifested  when  the  polar  substituents  are  closest  together,  while 
it  practically  vanishes  when  they  are  separated  at  the  1,4  positions... 

The  vicinal  effect  ought  to  be  strongest  in  atoms  having  a  low  atomic  number... 

The  vicinal  effect  is  also  exhibited  by  inorganic  compounds.  We  know  that  salts 
of  a  given  metal  at  a  lower  valency  are  more  highly  electrovalent  compounds  than 
those  of  higher  valency.  " 

In  a  later  paper  [2]  we  made  use  of  the  data  published  in  the  literature 
on  the  shortening  of  the  bonds  between  various  elements  and  the  halogens  as  the 
number  of  halogen  atoms  attached  to  the  central  atom  increased  and  on  the 
chemical  inertness  of  the  saturated  polyfluorides  and  polyf luorochlorides  to  demon¬ 
strate  that  these  facts  were  in  complete  agreement  with  the  concept  of  the  vicin¬ 
al  effect  and  resulted  from  it.  Papers  have  recently  been  published  that  enable 
us  to  provide  a  definite  theoretical  foundation  for  the  concept  of  the  vicinal 
effect  [3]  on  the  one  hand,  and  to  explain  the  anomalous  physico-chemical  properties 
of  carbon  fluorides,  which  have  remained  unexplained  hitherto  [4]  by  means  of 
this  concept,  on  the  other. 

The  monograph  Molecular  Vibrations  [3]  gives  methods  for  calculating  the 
vibrations  of  organic  molecules  with  a  given  Raman  or  infrared  frequency  and 
given  form  of  vibration,  together  with  methods  of  calculating  the  constants  of 
the  various  quasi-elastic  forces  in  the  molecules,  and  compares  the  computed  and 
observed  frequencies,  especially  for  all  sorts  of  halogenomethanes .  The  excell¬ 
ent  agreement  of  the  computed  and  observed  values  lead  us  to  conclude  that  the 
calculated  values  of  the  quasi-elastic  forces  also  correspond  to  reality.  The 
following  potential  energy  constants  (in  10®  cm  are  most  important  in  estab¬ 
lishing  the  concept  of  the  vicinal  effect:!)  K  -  the  quasi-elastic  force  of  the 
bond  C  —  X;  and  2)  —  the  quasi-elastic  force  of  the  interaction  of  the  carbon 

with  itself  (the  return  to  the  state  of  equilibrium) .  The  values  of  these  constants 
are  given  in  Tables  1  and  2  (P.  375^  V.  I.  of  the  monograph). 

The  data  cited  (Tables  1  and  2  )  indicate  that  the  vicinal  effect  is  a  real 
quantity  and  that  it  is  strongest  in  elements  of  low  atomic  number,  as  I  demon¬ 
strated  ten  years  ago.  For  bromine  rises  6%  from  CXH3  to  CX4,  7%  for  chlorine 
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TABLE  1 


K 


TABLE  2 


CH4  .. 
CXH3  . 
CH2H2 
CX3H  . 
CX4  .. 


Br 

Cl 

F 

Br 

Cl 

— 

— 

- 

CH4  . 

- 

- 

5.8 

9.8 

CXH3  . 

- 

— 

U.8 

5.9 

10.7 

CX2H2  . 

1.32 

1.61 

4.9 

6.1 

10.9 

CX3H  . 

1.3^ 

1.62 

5.0 

6.2 

12.3 

CX4  . 

1.36 

1.63 

and  20$  for  fluorine;  the  values  of  rise  5,  1-5^  and  2J)$  respectively.  The 

increase  in  K  for  the  f luoromethanesV  which  is  far  out  of  line,  should  be  borne 
in  mind  in  the  subsequent  discussion  of  the  properties  of  carbon  fluorides. 

We  know  that  the  vibrational  frequency  of  the  bonds,  q  ,  is,  in  a  first 
approximation,  proportional  to  the  quasi-elastic  forces  of  ^e  bonds.  Table  3 
gives  the  values  of  these  frequencies  for  the  halogenomethanes (p .  393 ^  V.  I.  of 
the  monograph j . 

TABLE  3  _ 


CCl2Br2  lCF2Br2  CF2CI2  CFCI3  CBrCl3  CClBr3  CHBr3  CHCI3  CHF3 


We  see  from  Table  3  that  :  aj  the  bond  frequency  q  increases  as  the  hydrogen 
atoms  in  methane  are  progressively  replaced  by  halogen  atoms;  b)  that  replacing 
bromine  or  chlorine  by  fluorine  in  mixed  halogenomethanes  results  in  an  increase 
in  all  the  q  frequencies,  i .e .  a  strengthening  of  all  the  C  -  X  bonds.  These 
facts  compel  us  to  admit  that  the  vicinal  effect  exists,  independent  in  sign  of 
the  nature  of  the  negative  substituent,  but  varying  in  magnitude  with  the  atomic 
number  of  the  substituent  (in  the  case  of  the  halogens j.  In  the  polyf luor ides, 
the  vicinal  effect  results  in  the  maximum  strengthening  of  all  the  C — F  bonds, 
these  bonds  approaching  a  homopolar  state,  which  must  affect  all  the  properties  of 
these  compounds  in  a  decisive  manner. 


The  research  of  American  chemists  during  the  war  is  published  in  the  symposium 


The  Chemistry  of  Fluorine  (Vol.  I  [4]).  The  authors  of  these  papers  produced 
various  carbon  fluorides  of  different  types  and  investigated  their  properties, 
noting  numerous  pronounced  anomalies  in  the  chemical  and  physical  properties  of 
the  carbon  fluorides  but  not  furnishing  any  explanation  of  these  anomalies. 

We  list  these  anomalies  below,  henceforth  referring  to  them  by  number  to  save 
space  The  figures  in  parentheses  refer  to  the  respective  pages  of  the  symposium. 

1.  Monofluoroalkyls  are  unstable  chemically  and  sometimes  break  down  spontan¬ 
eously  (l8).  2.  At  90*  carbon  fluorides  dissolve  in  alkalies,  forming  deirk- 

brown  solutions  (49).  3*  Carbon  fluorides  resist  the  action  of  the  most  powerful 

chemical  agents,  even  the  alkali  metals,  up  to  comparatively  high  temperatures: 
of  the  order  of  400®  (26-27).  4.  The  dielectric  constants  of  the  cairbon  fluorides 

CnFpn+2  are  lower  than  those  of  the  hydrocarbons  CnHpn+2;  being  I.76  for  CyFie 
as  against  1.9  for  CyHie;  as  hydrogen  atoms  are  introduced  into  a  carbon  fluoride, 
the  constant  rises  rapidly,  reaching  a  maximum  (as  high  as  12.4)  and  then  dropping, 
(120,  121,125).  5.  Tho  refractive  indexes  n§°  of  CnF2n+2  are  1.24-1.31,  while  they 

are  1. 36-1.43  for  CnH2n+2.  The  atomic  refraction  ARp  is  1.23  for  CnF2n+2>  whereas 
it  depends  on  the  number  of  fluorine  atoms  in  the  molecule  for  the  carbon  fluor¬ 
ides  (57,58) t 

Number  of  F  atoms .  1  2  3  4  5 

AR„  . ,...0.95  0.99  1.02  1.08  1.14  1.23 

r 

6.  Beginning  with  fluoropentane ,  the  carbon  fluorides  have  lower  boiling  points 
than  the  corresponding  hydrocarbons.  Their  boiling  points  are  exceptionally  low, 
in  view  of  their  high  molecular  weight.  They  are  closer  to  "the  inert  gases  in  this 
respect  than  any  other  types  of  chemical  compound  (19,26,27^.  7-  The  boiling  points 
of  all  isomers  of  fluoropentane  are  practically  identical;  the  interval  for  the 
isomeric  hydrocarbons  is  21*  (54).  8.  The  boiling  points  of  the  hydro-F-heptanes 

are  higher  than  those  of  C7F16  or  CyHie  (54).  9*  The  boiling  point  of  perfluoradi- 

podinitile  is  232“  below  the  boiling  point  of  adipodinitrile  (65“  and  295", 
respectively,  p.20l).  10.  The  temperature  coefficient  of  expansion  of  the  carbon 

fluorides  is  twice  that  of  the  hydrocarbons  (58,59).  H*  In  view  of  their  high 
molecular  weight,  the  carbon  fluorides  exhibit  rather  high  fluidity  and  low  surface 
tension,  apparently  constituting  liquids  with  extremely  small  intermolecular 
tensile  forces  (26,27). 

As  we  have  said,  the  American  authors  merely  record  these  anomalies  without 
explaining  them  in  any  way.  We  shall  attempt  to  supply  these  explanations.  Let 
us  begin  with.  Anomaly  3.  As  has  been  stated  above,  the  constant  of  the  quasi- 
elastic  force  for  the  C-F  bond  increases  with  the  number  of  fluorine  atoms  in 
the  molecule  (vicinal  effect),  attaining  the  value  of  12.3  for  the  carbon  fluorides. 
This  figure  is  far  out  of  line;  the  only  comparable  figure  for  single  bond  is  the 
constantfor  the  O-H  bond,  12.6  (monograph,  Vol.  I,  p.24l).  Whereas  the  C-F 
distance  is  1.35  the  O-H  distance  is  0.97  hence  the  forces  binding  the  C 
and  F  atoms  together  are  much  greater  than  those  linking  the  0  and  H  atoms.  The 
constant  for  the  force  of  the  C-F  bond  in  monofluoroalkyls  is  9.8,  being  compar¬ 
able  with  the  constants  of  many  other  single  bonds  with  approximately  the  same 
interatomic  distances  (C-C,  C-0,  C-H,  and  C-N).  As  we  know,  this  bond  is  a 
heteropolar  one;  the  marked  strengthening  of  the  C-F  bond  in  the  carbon  fluorides 
together  with  their  complete  inertness  chemically,  forces  us  to  consider  the  C-F 
bond  in  the  carbon  fluorides  as  almost  entirely  homopolar,  with  undisplaced  electron 
shells,  like  the  shells  of  the  noble  gases,  and  with  zero,  or  extremely  small, 
values  of  the  partial  dipole  moments  of  the  C-F  bonds,  the  entire  molecule  being 
completely  neutral  electrically. 
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Anomaly  1.  We  have  shown  previously  [2,5]  that  the  most  highly  "  protoniz- 
ed"  hydrogen  atoms  in  chloroalkyls  are  those  next  to  a  chlorine  atom.  This  was 
subsequently  established  in  even  more  striking  form  for  the  fluoroalkyls. 

Hence,  the  halogen  draws  off  the  valence  electron  pairs  from  the  closest 
hydrogen  atoms,  making  them  "  protonic"  and  weakening  their  bond  with  the  carbon 
atom.  Thus,  in  monofluoroalkyls  both  the  C— F  bond  and  the  nearest  C-H  bond 
are  polar,  which  ought  to  make  it  easier  to  split  out  HF  by  the  action  of 
veurious  chemical  reagents  or  protons,  thus  establishing  the  instability  of 
the  monofluorides. 

Anomaly  2.  Fluor ohydrocairbons  with  a  large  number  of  fluorine  stoms  in 
the  molecule  (such  as  CyFisH  and  C7F14H2)  dissolve  in  alkalies  at  90” •  If  one 
atom  of  fluorine  in  monofluoroalkyls  is  able  to  '•protonize"  the  adjacent  hydrogen 
atoms  by  attracting  their  valence  electron  pairs,  the  combined  action  of 
fifteen  fluorine  atoms  upon  a  single  hydrogen  atom  must  make  it  almost  entirely 
protonic.  Monohydro-F-heptane  must  be  a  weak  acid,  and,  as  such,  it  must  react 
with  alkalies.  Its  molecule  must  be  highly  asymmetrical  electrostatically  speak¬ 
ing  which  ought  to  be  manifested  accordingly  in  its  dielectric  constant. 

Anomaly  4.  The  dielectric  constant  is  a  function  of  the  total  dipole  moment 
of  the  molecule  and  of  the  partial  dipole  moments  of  the  individual  bonds.  When 
the  molecule,  as  a  whole,  is  compensated,  the  partial  moments  of  the  bonds  pre¬ 
dominate,  as  is  the  case  in  CnHc>n+2  and  CnF2n+2‘  We  accepted  the  homopolarity 
of  the  C-F  bonds  in  carbon  fluorlues  above.  The  following  conditions  do  not 
allow  us  to  consider  the  C— H  bonds  in  hydroceirbons  homopolar:  the  C— H  bonds  have 
a  dipole  moment  of  0.^*10’^®.  This  value  is  too  small,  (compared  to  the  dipole 
moment  of  the  C-F  bond,  which  is  1.6*10  in  monofluoroalkyls)  for  the  vicinal 
effect  to  reduce  the  partial  C-H  moments  in  hydrocarbons  to  zero.  Morton's  most 
recent  researches  have  shown  that  the  higher  or  lower  protonicity  of  primary, 
secondary,  and  tertiary  hydrogen  atoms  may  be  estimated  from  their  preferential 
replacement  by  a  sodium  atom  when  the  hydrocarbons  are  reacted  with  organosodium 
compounds.  As  might  have  been  expected,  the  primary  hydrogen  atoms  turn  out  to 
be  the  most  protonic,  which  is  evidence  that  at  least  part  of  the  C-H  bonds  in 
hydrocarbons  are  poleir.  Hydrocarbons  react  with  various  chemical  reagents  at 
low  temperatures,  whereas  the  carbon  fluorides  do  not  react  with  them  below 
4(X)® ,  which  is  further  evidence  that  the  C-F  bonds  in  CnF2n+2  are  more  homopolar 
than  the  C-H  bonds  in  CnHpn+2*  If  these  arguments  be  aaopLed  as  correct,  the 
dielectric  constants  of  the  i.arbon  fluorides,  substances  held  together  by  more 
highly  homopolar  bonds,  must  be  lower  than  the  dielectric  constants  of* hydrocar¬ 
bons,  as  is  actually  the  case. 

As  has  been  shown  above,  in  fluorohydrocarbons  that  contain  a  small  number 
of  hydrogen  atoms,  the  latter  must  be  highly  protonic,  while  the  whole  molecule 
must  possess  a  large  dipole  moment,  resulting  in  the  rise  of  the  dielectric 
constant.  Actually,  *  the  dielectric  constant  increases  almost  linearly  with 
an  increase  in  the  percentage  of  hydrogen"  (125),  though  it  then  falls  to  the 
value  of  the  dielectric  constant  of  a  saturated  hydrocarbon.  The  fact  that 
these  values  pass  through  a  maximum  is  attributable  to  the  circumstance  that  a 
small  number  of  fluorine  atoms  cannot  strongly  protonize  a  large  number  of 
hydrogen  atoms,  so  that  the  dipole  moments  of  the  C-H  bonds  progressively  drops 
as  the  number  of  fluorine  atoms  in  the  molecule  is  diminished,  approaching  0.4*10“^® 
the  "  normal"  value  of  the  moment  for  this  bond.  The  decrease  of  the  value  of 
the  dielectric  constant  parallels  this  drop. 

Anomaly  5-  Once  we  admit,  as  we  have  done  in  the  foregoing,  that  the  C-H 

bonds  in  CpH2n+2  less  homopolar  than  the  C-F  bonds  in  carbon  fluorides,  then 
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the  fact  that  the  refractive  indexes  of  carbon  fluorides  are  smaller  than  those 
of  hydrocarbons  follows  as  a  consequence. 

In  the  case  of  negative  atoms,  the  more  heteropolar  their  bonds  to  atoms  of 
other  elements  are,  the  greater  their  polarizability  in  the  light  field.  This 
conclusion  may  be  drawn  from  a  consideration  of  even  the  ionic  and  atomic 
refractions  of  the  halogens  [6]  (Table  4). 


TABLE  4 


Rj^  of  the  ion  in  solution 

F 

Cl 

Br 

I 

2.61 

9.07 

12.67 

19.21 

Rj^  of  the  atom 

1.23 

5.82 

8.69 

13.9 

Heydweyller  does  not  give  for  fluorine,  so  that  we  took  its  value  from 
a  handbook.  This  figure  indicates  that  the  polarizability  of  the  ionic  bond  is 
much  greater  than  that  of  a  strong  homopolar  bond  and  that  the  transition  from  a 
homopolar  to  a  heteropolar  bond  is  accompanied  by  an  increase  in  polarizability 
(in  negative  atoms),  and  vice  versa.  The  extent  to  which  ionic  polarizability 
exceeds  the  atomic  is  112^  for  fluorine,  54^  for  chlorine,  42^  for  bromine,  and 
58^  for  iodine.  These  figures  again  underline  the  exceptional  position  of  fluorine 
in  the  halogen  series:  there  is  much  more  "room''  in  fluorine  for  the  manifestation 
of  the  vicinal  effect.  Hence,  these  considerations  also  point  to  the  approach  of 
the  C-F  bonds  in  carbon  fluorides  to  a  homopolar  state,  which  is  characterized  by 
low  polarizability  and  a  low  refractive  index.  Inasmuch  as  the  refractive  index 
is  a  simple  function  of  the  dielectric  constant  of  a  substance,  the  same  causes 
ought  to  produce  the  same  effects:  low  values  for  both  of  these  constants. 


The  values  of  ARp  cited  by  the  American  authors  for  the  carbon  fluorides, 
rising  from  0.95  in  the  monofluorides  to  1.23  in  the  other  carbon  fluorides, 
are  in  apparent  contradiction  with  these  arguments.  In  our  opinion,  this 
contradiction  is  the  result  of  a  misunderstanding.  These  values  of  ARp 
were  obtained  by  subtracting  the  products  2.4l8nC  +  l.lOOn  H  from  the  values  of 
MRjj  for  the  substance,  and  dividing  the  remainder  by  the  number  of  fluorine  atoms 
in  the  molecule,  in  other  words,  the  atomic  refractions  of  the  carbon  and  the 
hydrogen  were  assumed  to  be  constants  for  all  f luorohydrocarbons .  That  this  is 
untrue  for  hydrogen  is  seen  from  the  very  fact  that  f luorohydroceirbons  contain¬ 
ing  few  hydrogen  atoms  in  the  molecule  are  soluble  in  alkalies,  i .e . ,  their 
hydrogen  atoms  are  protonized.  Since  the  polarizability  of  the  proton  is  zero, 
the  atomic  refraction  of  protonized  hydrogen  atoms  must  be  less  than  1.100,  and 
the  difference  must  be  shared  among  the  fluorine  atoms.  The  more  hydrogen  atoms 
in  the  molecule,  the  bigger  is  the  difference  accruing  to  a  single  fluorine  atom, 
so  that  we  may  expect  the  true  polarizability  of  fluorine  in  monofluorides  (which 
is  not  directly  measurable  as  yet)  to  exceed  1.23,  as  the  polarizability  of  an 
atom  linked  to  carbon  by  a  heteropolar  bond,  rather  than  to  equal  0.95* 

Anomaly  6.  The  tearing  away  of  molecules  of  the  liquid  through  the  surface 
film  into  the  gas  phase  is  prevented  by  the  forces  of  mutual  attraction  (Van  der 
Waals)  and  by  interactions  between  the  dipoles,  the  latter  being  most  important. 

The  introduction  of  a  polar  atom  or  group  into  a  nonpolar  molecule  greatly  lowers 
the  vapor  pressure  of  the  substance,  by  no  means  proportionally  to  the  increase 
in  molecular  weight.  If  we  assume,  as  we  have  done  above,  that  dipole  interactions 
may  be  due  to  the  partial  dipole  moments  of  the  bonds  as  well  as  to  the  overall 
dipole  moment  of  a  particle,  and  that,  moreover,  the  C-F  bond  inCnFan+a  is  more 
homopolar  than  the  C— H  bond  lnCnH2n+2  Anomaly  6  ceases  to  be  an  anomaly.  The 
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volatility  of  carbon  fluorides  with  balanced  electron  octets  may  be  compared 
with  the  volatility  of  the  heavy  elements  in  the  zero  group  of  the  Mendeleev 
system,  which  also  have  balanced  octets  in  their  outer  electron  shells. 

Anomaly  7»  must  be  viewed  in  the  same  light:  if  the  C— F  bonds  in 
CnFsn+s  most  homopolar,  the  variable  that  largely  governs  the  volatility 
of  a  substance's  molecules  is  the  same  for  all  isomers;  whereas,  if  the  C— H 
bonds  in  hydrocarbons  are  perceptibly  heteropolar,  the  differences  in  their 
spatial  coupling  may  yield  varying  values  of  the  partial  dipole  moments  of 
the  parts  of  the  molecule,  thus  resulting  in  different  vapor  pressures  for 
various  isomers  of  the  hydrocarbons. 

Anomaly  8.  It  follows  from  the  foregoing  that  in  fluorohydrocarbons 
whose  molecules  contain  only  a  few  hydrogen  atoms  the  C-H  bonds  are  highly 
polarized  and  the  hydrogen  atoms  are  protonized,  resulting  in  a  high  overall 
dipole  moment  for  the  molecule  and  a  corresponding  decrease  in  its  vapor  pressure. 

Anomaly  9«  In  the  nitrile  group  the  nitrogen  atom  is  the  negative  end 
of  the  dipole,  nitrogen  being  a  negative  substituent  in  the  carbon  chain. 

When  this  is  so,  it  comes  under  the  vicinal  effect  of  at  least  four  fluorine 
atoms,  with  the  consequences  resulting  therefrom:  the  C-N  bond  becomes  less 
heteropolar,  and  its  partial  dipole  moment  and  the  overall  dipole  moment  of 
perfluoradiponitrile  are  diminished,  resulting  in  an  increase  in  its  vapor 
pressure . 

Anomaly  10.  If  we  agree  with  the  foregoing  assertion:  that  the  molecules 
of  ceirbon  fluorides  are  nonpolar  both  in  the  aggregate  and  partially,  the  high 
value  of  the  temperature  coefficient  of  expansion  of  the  carbon  fluorides 
follows  at  once,  the  molecules  being  held  only  by  the  Van  der  Waals  forces, 
there  being  no  dipole  interaction. 

Anomaly  11  is  explainable  analogously.  The  pattern  of  explanations  of  the 
anomalies  exhibited  by  carbon  fluorides  put  forth  herein  constitutes  a  qualitatt- 
tive  essay  to  furnish  a  general  picture  of  the  problem  from  a  given  single  stand¬ 
point  (that  of  the  vicinal  effect).  I  submit  this  pattern  for  further  discussion. 

SUMMARY 

A  pattern  of  explanations  of  the  anomalous  physico-chemical  properties  of 
carbon  fluorides  is  proposed,  based  upon  the  concept  of  the  vicinal  effect. 

According  to  this  concept,  the  C-F  bonds  in  carbon  fluorides  are  entirely  or 
almost  entirely  homopolar,  with  all  the  consequences  resulting  therefrom. 
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SYNTHESES  EMPLOYING  ACRYLONITRILE 


XIII.  y-acetobutyronitrile  and  its  reduction  products 

A.P.  Terentyev  and  S.M.Gurvich 

In  several  previous  papers  [1]  A  P  Terentyev  and  his  co-workers  have  in¬ 
vestigated  the  cyanethylation  reaction,  various  amines  being  reacted  with  ac¬ 
rylonitrile.  A  number  of  di-and  polyamines  have  been  synthesized  by  reducing 
the  aminonitr iles  thus  prepared.  As  we  know,  the  cyanethylation  reaction  may 
be  carried  out  with  various  other  compounds  that  possess  an  active  enough 
hydrogen  atom.  The  cyanethylation  reaction  occurs  readily  when  ketones,  nit¬ 
riles,  some  esters,  etc.  are  used,  addition  products  containing  one  or  more 
molecules  of  acrylonitrile  being  secured  [2].  We  were  interested  in  utilizing 
these  compounds  for  further  syntheses,  first  of  all,  in  reducing  them  to  the 
respective  amines.  If  ketones,  for  instance,  were  used  as  the  initial  sub¬ 
stances,  this  could  provide  a  comparatively  simple  way  of  synthesizing  t-alkan- 
olamines,  cyclization  of  which  would  yield  homologs  of  piperidine: 


R-CO 


CHs 

\h 


CN 


H2 


R-CH  DHs 

•  '  I 

R-CO  CN 


CH2 

CH2 

/\ 

/\ 

R-CH  CH 

R-CH  CH2 

.1  1 

.1  1 

R^H 

R-CH  ^CH2 

0HNH2 

NH 

We  chose  acetone  as  one  of  the  simplest  and  most  easily  available  ketones. 

Bruson  and  his  co-workers  [5]  effected  the  cyanethylation  of  acetone  with 
acrylonitrile  in  the  presence  of  tr imethylbenzylammonium  hydroxide.  The  sole 
individual  product  recovered  and  identified  proved  to  be  a  tr icyanethylation 
product  of  acetone,  i.e.,  y-aceto-V  - (2-cyanethyl J -pimelonitrile  (lllj.  As 
for  products  with  a  different  degree  of  acetone  cyanethylation,  Bruson  merely 
advanced  the  supposition  that  they  were  probably  formed  at  the  same  time. 
Subsequently,  Shannon  [L]  secured  a  patent  for  the  synthesis  of  monocyanethy- 
lated  acetone,  i.e.,  y-acetobutyronitrile (l j ,  with  50^  sodium  hydroxide. 


In  the  present  research  we  have  isolated  and  identified  the  monodi-,  and 
tr icyanethylation  products  of  acetone,  finding  that  the  principal  product  is 
(ill),  followed  by  (ll)-  y-acetopimelonitrlle  (a  dicyanethylation  product J- 
and  a  smaller  quantity  of  (l): 


CH3COCH2CH2CH2CN 

(I) 


5:h2CH2CN 

CHaCO^H 

CH2CH2CN 

(ID 


^H2CH2CN 

CH3COC-CH2CH2CN. 


CH2CH2CN 

(III) 


when  sodium  hydroxide  is  used  as  a  catalyst,  even  with  a  large  excess  of  acetone 
present . 

Raising  the  temperature  and  prolonging  the  reaction  reinforces  the  above- 
mentioned  tendency  of  several  cyanethyl  groups  to  enter  the  acetone  molecule. 

We  have  nroved  that  this  assertion  holds  true  for  the  0-120°  temperature  range 


1789 


with  the  acetone:  acrylonitrile  ratio  ranging  from  1.1  to  10.1  for  mechanical 
stirring,  and  at  any  component  proportions  when  no  stirring  is  employed.  The 
overall  yield  of  cyanethylation  products  exceeded  50^  in  our  experiments,  in¬ 
cluding  up  to  8^  of  (I),  up  to  of  (Ilj,  and  over  24^  of  (III),  based  on  the 
acrylonitrile,  plus  a  certain  amount  of  what  was  probably  tetra-  and  pentacyan- 
ethylated  acetone,^  which  was  not  analyzed  further. 

In  reducing  acetobutyronitrile  we  bore  in  mind  the  possibility  of  cycli- 
zation  to  homologs  of  piperidine,  either  during  the  reduction  process  proper 
as  the  result  of  the  action  of  sodium  alcoholate,  as  has  been  shown  by  Wohl 
and  Maag  [5];  or  by  subsequently  dehydrating  the  £-alkanolamine  produced. 

The  ^-ketonitrile  was  reduced  with  metallic  sodium  in  butyl  alcohol:  the  re¬ 
duction  products  were  recovered,  first  as  hydrochlorides,  and  then  by  fraction¬ 
ating  the  free  bases  prepared  from  these  salts.  The  reduction  products  of  (l) 
included  a-pipecoline  (IV)  and  6-aminohexanol-2  (V); 

CH2LCH-CH3 

Hsc/  >NH  CH3CHCH2CH2CH2CH2NH2 

CH2  CH2  in 

(IV)  (V) 

which  were  isolated  and  identified.  By  varying  the  reduction  conditions  (temper¬ 
ature  and  order  of  mixing  the  components)  and  the  techniques  of  recovering  the 
bases,  we  were  able  to  bring  the  yield  of  (IV)  up  to  15^  and  of  (V)  up  to  17^ 
of  the  theoretical,  based  on  (l),  when  they  were  synthesized  together.  The  id¬ 
entification  of  (rv)  and  especially  of  (V;  encountered  considerable  experimental 
difficulty.  Contreury  to  our  expectations,  most  of  the  derivatives  of  these  com¬ 
pounds  were  secured  as  noncrystallizing  oils,  only  the  substituted  ureas  (with 
a -naphthyl  isocyanate)  crystallizji^ without  difficulty .  Our  endeavors  to  cyclize 
(V)  to  (IV)  by  distillation  with  solid  potassium  hydroxide  met  with  failure; 
we  did  find,  however,  that  a  base  with  a  characteristic  amine  odor  and  a  boiling 
point  below  that  of  (V)  was  formed.  We  did  not  identify  this  compound,  but  it 
is  not  the  same  as  (iV).  Apparently,  we  secured  one  or  a  mixture  of  several 
unsaturated  amines  with  the  structure  of: 

CH3CH=CHCH2CH2CH2NH2  or  CH2=CHCH2CH2CH2CH2NH2 

as  occurred  in  the  research  of  Wohl  and  Maag  [5]. 

EXPERIMENTAL 

Reaction  of  acetone  with  acrylonitrile.  212  g  (U  mols)  of  acrylonitrile 
was  added  in  the  course  of  an  hour,  with  vigorous  stirring,  to  470  g  (8  mols) 
of  boiling  acetone  containing  4  g  of  solid  sodium  hydroxide.  The  mixture  was 
heated  for  another  2  hours  with  a  reflux  condenser.  After  the  mixture  had  cooled, 
it  was  acidified  with  strong  hydrochloric  acid  until  its  reaction  was  acid,  the 
change  to  'an  acid  reaction  being  accompanied  by  a  change  in  color  from  brick-red 
to  orange.  After  the  small  aqueous  layer  was  removed,  the  excess  acetone  and 
the  unreau:ted  acrylonitrile  were  driven  off  over  a  water  bath.  The  residue,  an 
oily  yellow  liquid,  was  distilled  in  vacuum,  two  fractions  being  collected,  with¬ 
in  a  wide  range  to  begin  with:  1)  75-110°  at  6  mm;  and  2)  l60-210*  at  9  mm.  The 
residue,  which  did  not  distil  without  decomposing  and  solidified  upon  cooling, 

"^1  These  are  the  figures  for  tests  run  to  increase  the  output  of  the  mono-  and 
dicyan  ethylated  acetones;  if  we  set  as  our  objective  the  reacting  of  all  the  ac¬ 
rylonitrile,  the  overall  yield  of  cyanethylation  products  would  be  close  to  100^, 
though  there  would  be  practically  no  mono-  or  dicyanethylation  derivatives  among 
the  reaction  products. 
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constituted  more  than  half  of  the  quantity  under  distillation. 

y-Acetohutyronitrile  (l).  Fraction  1  was  triply  distilled  in  vacuum, 
the  substance  being  collected  in  the  93-98*’  range  at  6  mm;  the  yield  was  55  6*^ 

The  product  was  finally  refined  by  double  distillation  at  atmospheric  pres¬ 
sure.  A  colorless,  oily  liquid,  with  hardly  any  odor,  slightly  soluble  in  water, 
freely  soluble  in  alcohol,  ether,  and  acetone;  it  cannot  be  distilled  with  steam 
and  exhibits  the  iodoform  reaction.  B.p.  258-240“  at  764  mm. 

d|°  0.974?;  1.4550;  29-69;  Calculated;  29-74 

7,980  mg  substance;  0.882  ml  Ng  (25“,  740  mm);  5-740  mg  substance; 

0.646  ml  N2  (25“,  745  mmj.  Found  N  12.55,  12. 6I.  CeHsON.  Calculated 
N  12.62. 

The  semicarbazone  consists  of  white  leaflets,  soluble  in  water.  M.p.  I5I" 

(from  alcohol). 

1.816  mg  substance:  0.54?  nil  N2  (25°,  7^5  mm).  Found  N  54.05  C7H12ON4. 

Calculated  N  53-33- 

V-Acetopimelonitrlle  (II).  Fraction  2  was  triply  distilled  in  vacuum,  the 
substance  being  collected  in  the  196-199*  range  at  6  mm,  the  yield  being  48-5  g. 

A  yellowish  odorless  liquid  with  the  viscosity  of  glycerol,  sparingly  soluble 
in  water,  freely  soluble  in  alcohol  and  acetone.  It  exhibits  the  iodoform  re¬ 
action. 

d^°  1.0485;  ng°  1.4780;  45.55;  Calculated;  45.41. 

6.960  mg  substance;  1.04?  ml  N2  (24“,  748  mm);  7-652  mg  substance;  1.159 

ml  N2  (24°,  748  mm).  Found  N  16.96,  l6.84.  C9H12ON2.  Calculated  N  17-06. 

y-Aceto- y  - (2-cyanethyl) -pimelonltrlle  (ill).  The  residue  left  after 
Fractions  1  and  2  had  been  distilled  off  constituted  a  dark,  crystalline  mass. 

Double  recrystallization  from  water  and  methanol  yielded  snow-white  crystals  that 
were  freely  soluble  in  acetone,  moderately  soluble  in  hot  water  and  in  hot  meth¬ 
anol,  and  sparingly  soluble  in  cold  water,  ether,  and  benzene;  m.p.  152°.  The 
figure  given  in  the  literature  is  m.p.  154“  [5]. 

3.185  mg  substance:  0.559  ml  N2  (2?°,  745  mm);  3-297  mg  substance:  O.566 

ml  N2  (22“,  745  mm).  Found  N  19-60,  19-^ -  C12H15ON3.  Calculated 

N  19.34 

Reduction  of  Y-acetobutyronitrile  (l).  21  g  (0-9  gram-atom)  of  metallic 

sodium  was  added  in  the  course  of  I5  minutes  to  a  boiling  solution  of  1?  g  (0.I5 
mol)  of  the  nitrile  in  400  ml  (4.5  mols)  of  absolute  butyl  alcohol.  The  mix¬ 
ture  was  then  heated  for  another  halfhour  until  all  the  sodium  had  dissolved; 
after  it  had  cooled,  it  was  diluted  with  water  and  acidified  with  strong  hydro¬ 
chloric  acid  until  its  reaction  was  pronouncedly  acid,  and  then  the  layers  were 
separated.  The  aqueous  layer  was  evaporated  to  dryness,  and  the  hydrochlorides 
extracted  from  the  large  mass  of  sodium  chloride  in  an  extractor  with  absolute 
ethyl  alcohol.  The  acidulated  layer  of  butyl  alcohol  was  steam-distilled,  the 
residue  left  in  the  distilling  flask  being  evaporated  to  the  consistency  of 
a  paste  and  then  combined  with  the  bulk  of  the  hydrochlorides  extracted  from 
the  aqueous  layer.  The  free  bases  were  recovered  from  the  hydrochlorides  by 
the  use  of  an  excess  of  sodium  hydroxide  under  a  layer  of  ether,  a  freezing  mix¬ 
ture  being  applied.  The  free  bases  were  extracted  ten  times  with  ether  from  the 

Shannon  [4]  gives  only  one  constant  for  (l):  b.p.  100-130*  at  2  mm,  which 
differs  widely  from  our  figure,  the  reliability  of  which  is  supported  by  the 
complete  description  of  (l) . 
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resultant  paste  of  soldium  chloride,  the  residue  being  distilled  from  a  copper 
flask,  and  the  distillate  being  saturated  with  solid  sodium  hydroxide  and  re¬ 
peatedly  extracted  with  ether.  The  ether  extract  was  added  to  the  main  ether 
extract.  The  combined  extracts  were  filtered  and  desiccated  with  fused  pot¬ 
assium  hydroxide.  Most  of  the  ether  was  driven  off  with  a  dephlegmator ,  the 
concentrated  ether  solution  of  the  bases  being  finally  desiccated  with  barium 
oxide  and  distilled  in  a  current  of  nitrogen.  Fraction  1:  118-120°  at  atmos¬ 
pheric  pressure;  weight  2.5  g. 

g-Pipecoline  (IVK  Fraction  1  was  triply  distilled  in  a  current  of 
nitrogen.  A  mobile  liquid  with  the  odor  of  piperidine,  avidly  absorbing  moisture 
and  carbon  dioxide  from  the  air.  B.p.  118-119°  at  753  nim;  df®  0.8^12;  n^®  1.4450, 
which  agrees  with  the  figures  in  the  literature  [6,  7]  MR^  31*25  CeHiaN. 
Calculated:  51*31* 

The  picrate  was  prepared  as  yellow  needles  by  adding  the  amine  to  a  solu¬ 
tion  of  picric  acid  in  absolute  benzene.  M.p.  l64°  (from  water).  The  figures 
given  in  the  literature  differ  with  each  other  and  with  our  figure;  m.p.  154-155° 
[6]  and  127-128°  [7]* 

4.000  mg  substance;  0.602  ml  Ng  (25°,  748  mm);  5-925  nig  substance:  0.547 

ml  Ns  (26°,  751  mm).  Found  N  l6.97,  16.90.  C12H16O4N4.  Calculated 

N  17*07 

The  hydrochloride  was  prepeired  by  passing  anhydrous  hydrogen  chloride 
through  an  ether  solution  of  the  amine.  Transparent  prisms,  readily  soluble  in 
water  and  alcohol,  slightly  soluble  in  acetone.  M.p.  207°  (from  dioxane),  which 
agrees  with  the  figures  given  in  the  literature  [6,  7>  8]* 

4.496  mg  substance;  0.405  ml  Ns  (29°,  748  mm);  6.530  mg  substance:  O.566 

ml  Ns  (26°,  748  mm).  Found  N  10.02,  9.95.  C6H14NCI.  Calculated 

N  10.53. 

The  oxalate  was  precipitated  as  a  flocculent  white  precipitate  when  an  ether 
solution  of  the  amine  was  combined  with  an  alcoholic  solution  of  oxalic  acid. 

It  was  recrystallized  with  ether  from  alcohol.  Transparent  clusters  of  needles 
(under  the  microscope).  Softening  point  I08* ,  m.p.  125°. 

The  flavianate  was  precipitated  as  a  noncrystallizing  orange  oil,  soluble 
in  alcohol  and  ether,  by  adding  the  amine  to  a  solution  of  flavianic  acid  in 
absolute  benzene. 

Benzene  sulfonyl  chloride  forms  the  corresponding  derivative  with  the 
amine  when  10^  of  an  alkali  or  pyridine  is  present  -  a  dark  yellow  oil  that  is 
insoluble  in  alkalies,  but  dissolves  in  alcohol  and  in  ether. 

g  -Naphthyl  isocyanate  yields  the  corresponding  substituted  urea  when 
absolute  ether  solutions  of  the  two  components  are  poured  together:  transpeir- 
ent  crystals  with  a  m.p.  of  2l8°  (from  aqueous  alcohol). 

6-Aminohexanol-2  (VJ.  Fraction  2  was  vacuum-distilled  three  times  in  a 
current  of  nitrogen.  A  colorless,  mobile  liquid  with  a  faint  amine  odor  that  is 
freely  soluble  in  water  and  alcohol,  but  sparingly  so  in  ether.  It  avidly  absorbs 
moisture  and  carbon  dioxide.  Its  viscosity  rises  appreciably  after  it  has  been 
allowed  to  stand  for  2  hours  in  the  air.  B.p.  98-100°  at  6  mm;  df®  0.93^5; 
n^°  1.4702;  MR^  34-93*  CeHisON.  Calculated:  54-98. 

The  hydrochloride  was  secured  as  transparent  crystals  by  passing  anhydrous 
hydrogen  chloride  through  an  ether  emulsion  of  the  alkanolamine.  The  crystals 
deliq-iesce  as  soon  as  they  come  into  contact  with  the  air;  keeping  the  deliquesced 


hydrochloride  above  sulfuric  acid  in  a  vacuum  desiccator  for  a  long  time,  as 
recommended  by  Krasussky  [9]  for  the  hydrochlorides  of  the  a  -  alkanolamines , 
did  not  dehydrate  the  crystals. 

The  picrate  and  the  flavianate  settle  out  as  oils,  which  we  were  unable 
to  crystallize. 

We  managed  to  secure  the  oxalate  in  the  crystalline  state  by  pouring 
together  an  emulsion  of  the  alkanolamine  in  ether  and  an  alcoholic  solution 
of  oxalic  acid.  The  flocculent  white  precipitate,  which  was  readily  soluble 
in  water  and  alcohol,  was  recrystallized  by  precipitating  it  with  ether  from 
an  alcoholic  solution.  Extremely  minute  needles  (under  the  microscope).  M.p. 

100®.  A  mixture  with  hydrated  oxalic  acid  (m.p.  101®)  exhibited  a  sharp  de¬ 
pression. 

Reacting  benzene  sulfonyl  chloride  with  the  alkanolamine  in  an  alkali  or 
pyridine  yields  a  yellow  oil  that  is  soluble  in  alcohol  and  in  ether.  It  is 
also  soluble  in  alkalies  (enolization) ,  being  recovered  unchanged  upon  acid- 
ulation. 

g.  -Naphthyl  isocyanate  reacts  exothermally  with  an  alkanolamine  when 
their  ether  solutions  are  poured  together,  forming  crystals  that  are  insoluble 
in  water,  ether,  or  carbon  tetrachloride,  moderately  soluble  in  the  lower 
alcohols,  and  freely  soluble  in  acetone.  M.p.  107°  (from  aqueous  methanol). 

4.380  mg  substance:  0.392  ml  N2  (28®,  759  4.190  mg  substance:  O.382 

ml  N2  (28®,  759  mm;.  Found  N  9-87,  10. 06.  C23H22O2N2.  Calculated 

N  9.78. 

SUMMARY 

1.  When  acetone  is  cyanethylated,  addition  products  of  acetone  containing  one, 
two,  or  three  molecules  of  acrylonitrile  are  formed  simultaneously.  The  corres¬ 
ponding  derivatives  have  been  isolated  and  described. 

2.  Reducing  /-acetobutyronitrile  with  sodium  in  butyl  alcohol  yields  6-amino- 
hexanol-2  and  its  cyclization  product:  a  -pipecoline. 
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ALKYL  CARBONATES.  II. 


V.I.  Kurov 

Methylsodlum  carbonate  CHsOCOONa.  The  salt  was  prepared  by  a  method  sim¬ 
ilar  to  that  used  for  producing  ethylsodium  carbonate  [1];  passing  carbon  di¬ 
oxide  through  sodium  methylate.  The  salt's  behavior  with  water  and  solvents 
is  like  that  of  ethylsodium  carbonate,  its  specific  gravity  exceeding  unity. 

0.1292  g  substance:  0.0930  g  Na2S04;  0.3332  g  substance:  0.2412  g 

Na2S04.  Found  Na  23.31,  23-44.  CHaOCOONa.  Calculated  Na  23.46. 

Thermal  decomposition.  10  g  of  methylsodium  carbonate,  heated  to  300-310®, 
yielded  2.58  g  (recomputed  value)  of  a  combustible  gas,  0.75  g  of  a  liquid,  and 
6.10  g  of  a  solid  residue.  Analysis  of  the  gas  (on  a  100^  basis)  indicated: 

84-5^  CO2,  3*7^  C2H4  ,  and  11.8^  CO.  The  liquid,  which  had  a  sheirp,  acrid  odor, 
was  tested  with  ammoniacal  silver  nitrate;  the  test  indicated  the  presence  of 
formaldehyde,  a  silver  mirror  being  formed.  Besides  the  formaldehyde,  water 
and  methanol  were  found  in  the  distillate.  The  gray  residue  was  calcined  in 
a  platinum  crucible,  causing  a  loss  of  7*28^  in  weight  (organic  content).  The 
calcined  residue  was  converted  into  sodium  sulfate,  43.31')(>  sodium  being  found 
upon  analysis,  which  is  equilvalent  to  43-40^  of  sodium  in  the  sodium  carbonate. 

The  analysis  data  indicate  that  the  pattern  of  thermal  decomposition  of 
the  methylsodium  carbonate  is  as  follows: 

2CH30C00Na  C2H4  +  2NaHC03. 

VHien  NaHC03  is  decomposed,  it  yields  soda,  carbon  dioxide,  and  water, 
which  hydrolyzes  the  methylsodium  carobonate  to  form  an  alcohol: 

CH30C00Na  ^  HCOONa  +  CH3OH, 

HCOONa  NaOH  +  CO. 

Reacting  with  the  carbon  dioxide,  the  NaOH  forms  soda  and  water.  (it  is  not 
impossible  that  the  reaction  also  follows  this  course:  2HC00Na  — >  H2  +  CO  +  Na2C03. 
The  decomposition  of  methylsodium  carbonate  therefore  follows: 

CO2  +  C2H4  +  H2O  +  Na2C03  (IJ 

CH30C00Na' 

\o  +  H2O  +  CH2O  +  Na2C03  (II) 

Decomposition  takes  place  largely  in  accordance  with  Equation  (l^  when  meth¬ 
ylsodium  carbonate  is  decomposed  thermally.  It  is  supposed  that  the  carbon  mon¬ 
oxide  is  not  formed  from  the  alcohol  resulting  from  the  hydrolysis  of  the  methyl¬ 
sodium  carbonate.  During  the  thermal  decomposition  the  methanol  first  turns  in¬ 
to  formaldehyde,  which  disintegrates  quantitatively  into  carbon  monoxide  and 
hydrogen,  but  this  requires  either  a  high  temperature,  of  the  order  of  500°,  or 
the  presence  of  a  catalyst  (copper  and  the  like). 

According  to  Hoffmann  and  Schumpelt  [2],  when  sodium  formate  is  decomposed 
thermally  to  yield  carbon  monoxide,  the  initial  reaction  is  a  displacement  of  the 
hydrogen  atom  within  the  sodium  formate  molecule,  in  accordance  with  the  follow¬ 
ing  reactions: 

1.  A  shift  of  the  hydrogen  to  the  oxygen  atom  attached  to  the  metal: 

HCOOMe  —►CO  +  [MeOH],  the  MeOH  yielding  Me2C03  +  H2O  in  the  presence  of  C02* 
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2.  Hydrogen  atoms  from  two  different  sodium  formate  molecules  join  to 
form  a  hydrogen  molecule  and  sodium  oxalate;  2HC00Na  — >  H2  +  (C00Na)2* 

5.  The  OMe  group  in  the  HCOOMe  molecule  is  replaced  by  hydrogen  from 
another  molecule: 

0 — Me  H — C — H  Me — 0 — C — 0 — Me 

-  ^  ^  s 

1 

H2  +  CO 

This  reaction  pattern  is  more  applicable  to  divalent  metals.  Me2C03  is 
further  decomposed  partially  into  CO2  and  Me20.  The  oxalates  begin  to  break 
down  at  l60“ . 

Gershkovich  [3]  supposes  that  the  initial  decomposition  of  oxalate  yields 
carbon  dioxide  and  the  free  metal  (Na,  K,  Ca)  which  is  readily  oxidized,  taking 
one  oxygen  atom  from  the  carbon  dioxide  and  thus  forming  carbon  monoxide. 

Propylsodium  carbonate  CaHyOCOONa.  There  is  only  one  scanty  reference  to 
this  salt  [4] .  Propylsodium  carbonate  has  been  prepared  by  passing  carbon 
dioxide  though  sodium  propylate. 

0.1078  g  substance:  O.O6II  g  Na2S04;  0.3248  g  substance:  O.I826  g 

Na2S04.  Found  Na  I8.3O,  I8.I8.  CaHyOCOONa,  Calculated  Na  I8.25. 

The  physical  properties  of  propylsodium  carbonate  closely  resemble  those 
of  the  ethylsodium  carbonate;  it  is  fairly  stable  when  heated  up  to  200",  no 
visible  decomposition  being  observable.  Appreciable  decomposition  takes  place 
at  300®,  the  results  at  350"  being  close  to  those  secured  at  300".  The  thermal 
decomposition  of  10  g  of  propylsodium  carbonate  yielded  I.87  g  of  gaseous  sub¬ 
stances,  3 -40  g  of  liquids,  and  4.60  g  of  a  solid  residue.  Analysis  of  the  gas 
(on  a  100%  basis)  indicated:  34.3%  carbon  dioxide,  8.8%  propylene,  and  58.9% 
csLTbon  monoxide.  The  liquid  had  a  fragrant  ethereal  odor  and  exhibited  the 
presence  of  an  aldehyde  when  tested  with  fuchs insulfur ous  acid.  VHien  fraction¬ 
ated  (boiling  began  at  89-90"),  the  bulk  of  the  liquid  distilled  at  97-98"; 
df®  0.824;  df®  0.8058,  after  dehydration,  which  is  the  figure  for  propyl 
alcohol.  The  chocolate -brown  solid  residue  was  spongy.  Its  analysis  (by 
calcination)  indicated  that  it  contained  10.  1%  of  organic  matter.  A  weighed 
sample  of  the  calcined  residue  was  converted  into  sodium  sulfate,  the  per¬ 
centage  of  sodium  carbonate  indicating  that  it  contained  43.3%  sodium.  Thus, 
the  solid  residue  of  the  thermal  decomposition  of  propylsodium  carbonate  con¬ 
tained  10.1%  of  organic  matter  and  89.9%  of  sodium  carbonate. 

These  figures  are  the  basis  for  the  following  suggested  pattern  of  the 
thermal  decomposition  of  propylsodium  carbonate: 

+  CO2  -t-  H2O  +  CsHtOH  +  Na2C03  (D 

CsH^OCOONa' 

^CO  +  CO2  +  C3H6  +  CaHyOH  +  H2O  +  C2H5CHO  +  Na2C03  (2) 

More  of  the  salt  is  decomposed  in  accordance  with  Equation  (2)  than  with 
Equation  (l).  It  is  supposed  that  the  carbon  monoxide  is  not  formed  from  the 
alcohol  resulting  from  hydrolysis  of  the  propylsodium  carbonate. 

Nef  [5]  passed  the  vapor  of  propyl  alcohol  over  pumice  at  595-820"  and 
secured  (in  addition  to  50%  undecomposed  alcohol)  aldehyde,  water,  and  benzene, 
the  exhaust  gases  containing  hydrogen,  methane,  carbon  monoxide,  and  unsatur¬ 
ated  hydrocarbons.  At  a  still  higher  temperatiu'e  acetylene  and  ethane  eire 
formed,  as  is  indicated  by  Peutral  [6].  These  authors  illustrate  their 
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deductions  from  the  analytical  data  by  the  following  equations; 

f  H2+  CH3CH2CHO 

CH3CH2CH2OH  j  H2O  +  CH3CH=CH2 
LCH2O  +  CH3CH3 

The  formaldehyde  may  undergo  further  thermal  decomposition  to  carbon 
monoxide  and  hydrogen,  the  ethane  being  decomposed  to  ethylene  and  acetylene. 
Mailheu  and  Renaudie  [7]  believe  that  the  carbon  monoxide  is  not  split  out 
from  the  alcohols  directly,  but  rather  after  their  preliminary  dehydration  to 
aldehydes  or  ketones;  they  also  suppose  that  the  alcohols  are  of ter  dehydrated 
to  hydrocarbons.  In  every  case  the  carbon  monoxide  must  be  a  by-product  of 
the  reaction,  which  is  why  it  is  recovered  only  in  minute  quantities. 

Kuznetsov  [8]  used  platinum  black  as  a  catalyst  in  decomposing  propylaldehyde 
at  250-390°  and  secured  a  gas  that  contained  carbon  monoxide. 

Butylsodium  carbonate  CAHaOCOONa.  We  have  been  unable  to  find  any  data 
on  this  salt  in  the  literature.  We  are  the  first  to  have  synthesized  the  salt, 
by  a  method  similar  to  that  employed  for  preparing  the  propylsodium  carbonate  - 
passing  carbon  dioxide  through  sodium  butylate.  It  is  much  harder  to  prepeure 
both  the  sodium  butylate  and  the  butylsodium  carbonate  than  is  the  case  with 
the  preceding  homologs.  Considerable  difficulty  being  encountered  in  filtering 
and  desiccating  the  product. 

0.1332  g  substance:  0.0682  g  Na2S04;  0.3^92  g  substance:  0.1975  g 

Na2S04.  Found  -jt:  Na  I6.56,  l6.i^l.  C4H90C00Na,  Calculated  Na  I6.43. 

The  physical  properties  of  butylsodium  carbonate  resemble  those  of  the 
propylsodium  salt;  it  is  freely  soluble  in  water,  the  solution  exhibiting  an 
alkaline  reaction  owing  to  hydrolysis.  It  is  almost  insoluble  in  ethyl  alcohol, 
benzene,  chloroform,  carbon  disulfide,  and  acetone,  though  somewhat  soluble 
in  methanol.  Its  density  is  higher  than  unity.  The  physico-chemical  data  for 
butylsodium  carbonate  and  other  alkyl  carbonates  are  given  in  greater  detail 
below. 

Butylsodium  carbonate  decomposes  thermally  much  more  slowly  than  other 
alkyl  carbonates,  practically  no  decomposition  occurring  at  300°.  Decomposition 
was  effected  at  3^0-360°,  10  g  of  butylsodium  carbonate  yielding  O.8I  g  of  gase¬ 
ous  products,  3.70  g  of  liquid,  and  5-20  g  of  solids.  Analysis  (on  a  100^  basis) 
indicated;  52.1^  CO2,  5*1^  C4He,  and  42.8^  CO.  The  liquid  is  combustible,  with 
a  sharp  aldehyde  odor.  It  gave  a  positive  test  for  an  aldehyde  with  fuchsinsul- 
furous  acid.  When  distilled  (boiling  began  at  112-114° J,  the  bulk  of  the  liquid 
distilled  at  117-119°  (df®  0.8l4j,  which  is  the  figure  for  butyl  alcohol.  The 
flask  residue  consisted  of  a  few  drops  of  a  liquid  with  a  pleasant  ethereal 
fragrance  and  with  a  boiling  point  above  125*.  The  gray  solid  residue  was  cal¬ 
cined  in  a  platinum  crucible,  the  organic  content  being  found  to  be  20.6^  (in¬ 
cluding,  apparently,  tarring  and  polymer  products  of  the  aldehydes  formed  during 
the  thermal  decomposition  of  the  butylsodium  carbonate^.  Analysis  of  the  calcined 
residue  indicate  that  soda  was  present. 

The  following  reaction  pattern  for  the  thermal  decomposition  of  butylsodium 
carbonate  (similar  to  the  patterns  put  forweu'd  for  methyl-,  ethyl-,  and  propyl¬ 
sodium  carbonates)  is  based  upon  the  analytical  data:  C4H90C00Na  CO  +  CO2  + 

+  C4H8  +  H2O  +  C4H9OH  +  C3H7CHO  +  Na2C03  (+H2J. 

Most  of  the  substances  specified  in  these  reactions  have  been  determined 
quantitatively.  Table  1  gives  the  heat  capacities  of  the  alkylsodium  carbonates 
as  calculated  from  the  Kopp  formula,  their  densities  as  determined  with  a  pykno- 
meter,  and  their  heats  of  combustion. 
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TABLE  1 


Formula 

Heat 

Capacity 

Density 

Heat  of 
Combustion, 
Cal/mol 

Remarks 

CH30C00Na . 

0.2974 

1.955 

l46 

The  heats  of  evaporation  of 

C2H50C00Na . 

0.3173 

1.799 

290 

the  water  formed  in  the  li- 

C3HT0C00Na . 

0.3329 

1.786 

432 

quid  state  during  the  com- 

C4H90C00Na . 

0.3543 

1.650 

577 

^bustion  of  the  alkylsodium 

carbonates  have  been 

deducted  from  the  heats  of 

V. 

combustion. 

t 

t 

i 

) 

t 


All  of  the  above  alkylsodium  carbonates  are  insoluble  (or  only  very  slightly 
soluble)  in  benzene,  chloroform,  acetone,  carbon  disulfide,  ethyl  alcohol,  or 
carbon  tetrachloride,  though  they  are  somewhat  more  soluble  in  methanol. 

Methyl-,  ethyl-,  propyl-,  and  butyl  potassium  carbonates.  The  synthesis  of 
methyl-  and  e thy Ipotas slum  carbonates  has  been  referred  to  in  our  first  report. 

We  have  been  the  first  to  synthesize  propylpotassium  and  butylpotassium  carbonates. 
The  thermodynamic  data  and  the  physico-chemical  constants  for  all  these  salts, 
which  are  not  to  be  found  in  the  literature,  are  likewise  given  here  for  the 
first  time.  The  alkylpotassium  carbonates,  like  the  alkysodium  carbonates,  were 
prepared  by  passing  csirbon  dioxide  through  the  corresponding  alcoholates. 

0.2192  g  substance:  O.1669  g  K2SO4;  0.2979  g  substance:  0.2275  g  K2SO4. 

Found  K  5^.17,  5^.27-  CH3OCOOK.  Calculated  K  3^.25.  0.3124  g  substance: 

0.2138  g  K2SO4;  0.2173  g  substance:  0.1488  g  K2SO4.  Found  K  30.71,  30.73, 
C2H5OCOOK.  Calculated  K  30. 50.  O.3096  g  substance:  O.19IO  g  K2SO4; 

0.2894  g  substance:  0.1777  g  K2SO4.  Found  K  27.68,  27.56.  C3H7OCOOK. 

Calculated  K  27-50.  0.25.43  g  substance:  0.1452  g  K2SO4;  0.2948  g  substance: 
0.1677  g  K2SO4.  Found  K  25.62,  25.53.  C4H9OCOOK.  Calculated  K  25.O3. 

The  physico-chemical  data  for  these  salts  are  given  in  Table  2. 


TABLE  2 


Formula 

Heat 

Capacity 

Density 

Heat  of 
Combusion, 
Cal/mol 

Remarks 

CH3OCOOK . 

0.2554 

2.555 

128 

The  heats  of  evaporation  of 

C2H5OCOOK . 

0.2774 

2.375 

271 

the  water  formed  in  the  li- 

C3H7OCOOK . 

0.2950 

1.979 

4l4 

quid  state  during  the  com- 

C4H9OCOOK . 

0.3095 

1.960 

558 

>bustion  of  the  alkylsodium 
carbonate  have  been 
deducted  from  the  heats  of 
combustion. 

Methanol  is  the  best  solvent  for  alkylpotassium  carbonates,  the  solubility 
of  each  salt  exceeding  1^  and  that  of  the  butylpotassium  carbonate  being  of  the 
order  of  4^.  The  salts  are  insoluble  in  ethyl  alcohol,  acetone,  benzene,  carbon 
disulfide,  or  chloroform.  Like  the  alkylsodium  carbonates,  the  alkylpotassium 
carbonates  are  hydrolyzed  when  dissolved  in  water:  ROCOOK  +  H2O  — >  ROH  +  KHCO3. 

Butylrubldium  carbonate  C4H9C)C00Rb.  There  are  no  figures  in  the 
literature  for  this  compound;  we  are  the  first  to  have  synthesized  it.  Inasmuch 
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as  metallic  rubidium  ignites  readily  when  exposed  to  the  air  and  reacts 
much  more  violently  with  alcohols  than  sodium  and  potassium  do,  considerable 
caution  must  be  exercised  in  working  with  it  (to  avoid  detonations  or 
explosions).  Metallic  rubidium,  deeply  chilled  to  a  low  temperature,  was  added 
a  little  at  a  time  to  butyl  alcohol,  likewise  strongly  chilled.  Carbon  dioxide 
was  then  passed  through  the  solution  of  rubidium  butylate,  the  resulting 
butylrubidium  carbonate  being  analyzed  for  its  rubidium  content;  it  was  found 
to  contain  42.45^  rubidium.  The  calculated  value  was  42.19^^  Rb.  As  with  the 
other  alkylcarbonates,  it  is  soluble  in  water,  exhibiting  a  strongly 
alkaline  reaction  owing  to  hydrolysis:  C4H90C00Rb  +  H2O  ->  C4H9OH  +  RbHCOa. 

The  heat  capacity  of  butylrubidium  carbonate  is  0.2393*  Further  details  of 
the  physicochemical  constants  of  this  salt  will  be  given  in  forthcoming 
reports . 

Figures  1  and  2  show  the  curves  of  the  heat  capacities,  calculated  by  the 
Kopp  formula,  and  the  heats  of  combustion  of  the  alkyl  carbonates  of  the  alkali 
metals  of  Group  I  in  the  Mendeleev  periodic  system  of  elements  (lithium,  sodium, 
potassium,  rubidium) .  The  heats  of  combustion  of  the  lithium  salts  and  of  some 
of  the  rubidium  salts  have  been  calculated  by  extrapolation  from  the  figures 
obtained  for  the  sodium  and  potassium  salts. 

SUMMARY 

1.  Methyl-,  propyl-,  and  butylsodium  ceirbonates  have  been  synthesized,  the 
latter  being  produced  for  the  first  time.  Their  physicochemical  and 
thermochemical  properties  have  been  investigated  and  their  constants  determined 
(density,  heat  of  combustion,  solubility,  heat  capacity,  etc). 

2.  The  analysis  of  the  products  of  thermal  decomposition  has  been 
utilized  to  establish  the  mechanism  involved  in  the  decomposition  of  the 
specified  alkyl  carbonates  at  500°  (at  340-360“  for  butylsodium  carbonate),  which 
is  a  dual  one,  carbon  monixide  being  evolved  in  one  of  the  parallel  reactions. 

3*  The  general  pattern  of  the  reactions  involved  in  the  thermal  decomposition 
of  methyl-,  ethyl-,  propyl-,  and  butylsodium  carbonates  is  set  forth: 

^^-CnHsn+i 

0=0  ^  CO  +  CO2  CjjH2n  OnHsn+iOH  +  Cn_  iH2n  -  iCHO  +  H2O  +  Na2C03(+  H2^  • 

^0-Na 

The  evolution  of  carbon  monixide  is  attributable  to  secondary  reactions 
(especially,  decomposition  of  the  sodium  formate  that  may  be  an  intermediate 
product  in  the  decomposition  of  the  aLkylsodium  carbonates). 

4.  Methyl-,  ethyl-,  propyl-,  and  butylpotassium  carbonates  have  been 
synthesized,  their  physico-chemical  and  thermochemical  properties  have  been 
investigated,  and  their  constants  established.  Propylpotassium  and  butylpotassium 
carbonates  aave  been  synthesized  for  the  first  time- 

3.  Butylrubidium  carbonate,  C4H90C00Rb,  has  been  synthesized  for  the  first 
time,  its  properties  have  been  investigated,  and  some  of  its  constants  determined. 


Fig.  1.  Heat  capacities  of  alkyl 
carbonates . 

1}  C4H9OCOO-,  2)  C3H7OCOO-, 

5)  C2H5OCOO-,  4)  CH3OCOO-. 


Fig.  2.  Heats  of  combustion  (in 
kcal/mole) . 

1;  C4H9OCOO-,  2)  C3H7OCOO-, 

5)  C2H5OCOO-,  4)CH30C00-. 


LITERATURE  CITED 

[1]  V.  Kurov,  Jour.  Gen.Chem  21,  L90  (1951) 

[2]  Hoffman,  Schumpelt,  Ber.,  49,  503  (I9l6). 

[5]  Gershkovich,  Z.  allg.  anorg.  Ch.  II5,  163  (1921). 

[4]  C.  pa ur holt,  •  J.  Chr.  GJaldbaek,  Dansk.  Tids.  Farm.,  17 ^  213  (19^3)* 

[5]  Nel,  Ann.,  3l8,  I91  (1901). 

[6]  Peutral,  BuLL  Soc  chim. ,  55,  96O  (1924):  2?,  3^  (1920). 

[7]  Mailheu,  Rena udie,Compt. rend.,  185,  I598  (1927),*  I86,  238  (1928). 

[8]  Kuznetsov,  Jour.  Russ.  Phys.  Chem.  Soc.  4^,  585  (1913)* 


Received  October  I5,  1949* 


ALLYL  REARRANGEMENTS 

XIV.  THE  ACTION  OF  AMINES  ON  ISOMERIC  METHOXYCHLOROPENTENES 


A.  N.  Pudovik 


Our  preceding  reports  have  described  the  reactions  of  veirious  isomeric 
alkoxychloropentenes  and  dichlorobutenes  with  an  alcoholic  alkali, 
hydrosulfides  of  alkali  metals,  sodium  derivatives  of  malonic  and  acetoacetic 
acids,  salts  of  dialkylphosphorous  acids,  and  other  reagents  [1], 

The  present  paper  describes  the  results  of  a  study  of  the  reactions  between 
various  isomeric  pairs  of  alkoxychloropentenes  and  primary  or  secondary  amines. 

Not  much  light  is  shed  in  the  literature  upon  the  reactions  of  amines  with 
allylhalogen  isomers.  Meisenheimer  and  Link  [2]  were  the  first  to  study  reactions 
of  this  sort,  using  cinnamyl  chloride  and  pentenyl  chloride^  they  concluded  that 
the  reactions  with  amines  take  place  normally  for  primary  chlorides  and  with  a 
rearrangement  for  secondary  chlorides.  Jones,  Lucey,  and  Smith  [5]  assert, 
however,  that  the  reactions  of  allylhalogen  isomers  with  amines  depend  largely 
upon  the  nature  of  the  amines;  the  more  basic  the  amine,  the  more  anomalous  will 
the  reaction  be.  They  found  that  the  reaction  of  methylvinylethynylchloromethane 
with  diethylamine  is  anomalous,  involving  a  rearrangement,  while  its  reaction 
with  ammonia  or  aniline  is  normal,  without  any  rearrangement. 

We  were  greatly  interested  in  a  more  systematic  study  of  the  reactions  of 
the  primary  and  secondsiry  amines  with  the  simplest  allyl  halogen  compounds: 

R  —  CH=.CH  —  CH2CI  and  R CHCl - CH=CH2,  where  R  Is  a  saturated  radical,  and 

in  determining  the  effect  of  the  nature  of  the  amines  upon  the  course  of  these 
reactions.  With  this  as  our  objective,  we  have  made  a  study  of  the  reactions  of 
methoxy-,  isopropoxy-,  and  butoxychloropentenes  with  diethylamine  and  of 
methoxychloropentenes  with  ethylaniline  and  aniline. 

The  procedure  employed  for  these  reactions  was  the  usual  one.  The  chloride 
was  gradually  added  to  an  excess  of  the  amine,  after  which  the  reaction  mixture 
was  heated  over  a  water  bath  for  several  hours.  Then  it  was  treated  with 
hydrochloric  acid,  the  unreacted  chloride  being  extracted  with  ether  and  the  amine 
being  recovered  by  adding  a  solution  of  sodium  hydroxide  to  the  solution  of  its 
hydrochloride.  After  having  been  desiccated  with  alkali,  the  reaction  products 
were  vacuum-distilled  from  a  small  flask  with  a  worm  tower. 

The  reactions  between  diethylamine  and  the  primary  methoxy-,  ethoxy-,  and 
butoxychloropentenes  yielded  only  a  single  product  in  each  case,  the  structure  of 
which  corresponded  to  that  of  the  original  chloride- 

R  -  OCH2—  CH2—  CH  =  CH-  CH2CI  +  NH(C2H5j2 

/:2H5 

ROCH2 — CH2  —  CH  =  CH — CH2 — N(  +  HCl. 

C2H5 


To  establish  the  structure  of  the  products,  one  of  them  -  l-methoxy-5- 
diethylarainopentene-5  ~  was  oxidized  with  potassium  permanganate;  this  yielded 
methoxypropionic  acid,  with  a  b.p.  of  ll4*  at  17  nun;  nc°  l.'4l55#  confirming  the 
structure  advanceu  for  the  product. 
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The  constants  of  the  products  are  listed  in  the  following  table: 

Boiling 
point,  “ 

. .  85(8  mm)  1 . 

)2  108-109(15  nm)  1. 

2  120-122(1 1mm)  \l. 

We  then  made  a  study  of  the  reaction  of  diethylamine  with  the  secondary 
methcxy-,  isopropoxy-,  and  butoxychloropentenes .  These  reactions  yielded  us 
products  the  constants  of  which  were  the  same  as  those  of  the  products  secured 
from  the  respective  primary  chlorides.  The  product  yields  were  55~70^  of  the 
theoretical.  No  low-boiling  fractions  were  found.  These  results  indicate  with 
a  high  degree  of  certainty  that  the  reactions  of  the  secondary  methoxy-,  Isopropoxy 
and  butoxychloropentenes  with  diethylamine  are  monomolecular ,  involving  a  complete 
allyl  reeirrangement : 

ROCH2CH2CHCI - CH=CH2  +  NH(C2H5)2  R0CH2CH2CH  =  CH CH2N(C2H5)2- 

Similar  results  were  obtained  when  the  isomeric  methoxychloronentenes  were 
reacted  with  ethyl  aniline.  The  reaction  of  ethylaniline  v;ith  the  primary  and 
secondary  methoxychloropentenes  yielded  the  same  product  in  both  cases:  ethyl— 

(5  ~  nethoxypentenyl  -  2)  -  aniline,  the  constants  of  which  were  as  follows: 
b.p.  159-161®  (10  mm)j  n^°  1.5360j  df®  O.9806.  The  product  yield  was  about 
77^  of  the  theoretical  for  both  the  primary  and  the  secondary  chlorine.  As  in 
the  case  of  diethylamine,  the  reactions  were  normal  for  the  primary  chloride  and 
entirely  anomalous  for  the  secondeiry  chloride,  entailing  an  allyl  reeirrangement. 

Interesting  results  were  obtained  in  our  study  of  the  reactions  of  the 
isomeric  methoxychloropentenes  with  aniline.  Only  a  single  product  ~  (5  ~ 

[  methoxypentenyl  —  2)  —  aniline  —  was  secured  when  we  reacted  primary 

I  methoxychloropentene  and  aniline  together,  with  a  large  excess  of  the  latter  in 

the  reaction  medium,  the  yield  being 

C6H5NH2  +  ClCH2CH,=»rCH — CH2CH2OCH3 

CsHsNH  —  CH2 — CH=CH  —  CH2CH2OCH3. 

When  there  was  insufficient  aniline  in  the  reaction  medium  (56^  of  the 
theoretical),  the  principal  reaction  product  was  a  tertiary  amine:  di-(5- 
methoxypentenyl  -  2)-aniline,  with  a  b.p.  of  204®  (lO  mm);  n^®  1.5550; 
df®  1.0000,  plus  a  negligible  quantity  of  the  secondary  amine,  5  ~  methoxypentenyl 
2  -  aniline.  In  both  cases  the  reaction  was  normal,  without  any  rearrangement 
and  with  the  formation  of  substitution  products  whose  structure  corresponded  to 
that  of  the  initial  chloride. 

Wlien  the  secondary  methoxychloropentene  -  l-methoxy-3-chloropentene- 
h  —  was  reacted  with  a  large  excess  of  aniline,  *ie  secured  two  isomeric 
monosubstituted  derivatives  of  aniline:  (5  ~  methoxypentenyl  —  2)  —  aniline, 
with  a  50^  yield,  whose  constants  were  the  same  as  those  of  the  product  obtained 
from  the  primary  chloride,  and  (5  ~  methoxy  ~  1  -  vinylpropyl)  —  aniline,  with  a 
5^.6^  yield  (b.p.  138®/lO  mm;  ng°  1.5590;  d|°l.  OO3O) . 

When  a  large  excess  of  the  secondary  chloride  was  used  for  the  reaction,  we 
got  a  low  yield  of  di  -  (5  ~  methoxypentenyl  -  2)  -  aniline,  whose  constants  were 
likewise  tne  same  as  those  of  the  product  secured  from  the  primary  chloride,  in 


No.  Formula 


1  CH30CH2CH2CH=CHCH2N(C2H5)2.  . . 

2  (CH3)2CH0CH2CH2CH=CHCH2N(C2H5 

3  n-C4H90CH2CH2CH=CH-CH2N(C2H5) 
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addition  to  the  two  monosubstituted  aniline  derivatives  specified  above. 

The  reactions  of  1  -  methoxy  -  5  ~  chloropentenyl  -  4  with  aniline 
apparently  involve  a  combination  of  monomolecular  and  bimolecular  mechanisms, 
thus  resulting  in  the  formation  of  products  whose  structures  correspond  to 
those  of  the  two  isomeric  chlorides. 

As  we  see  it,  the  proposed  mechanism  for  the  reactions  is  the  most  likely 
for  the  cases  in  question,  though  it  is  not  impossible  that  they  involve  an 
anomalous  bimolecular  substitution  to  some  extent.  Vinokurova  and  I  [4] 
employed  the  latter  mechanism  to  explain  the  reactions  of  magnesium  with  allyl 
halogen  compounds,  while  Kepner,  Winstein,  and  Young  [5]  have  used  it  to  explain 
the  reactions  of  isomeric  butenyl  chlorides  with  sodium  malonic  ester; 

Catchpole,  Hughes,  and  Ingold  [6]  consider  it  generally  improbable,  however, 
for  reactions  involving  allyl  halogen  compounds.  The  absence  of  kinetic  data 
on  the  reactions  of  amines  with  allyl  halogen  isomers  makes  it  impossible  to 
draw  any  more  definite  conclusions  at  the  present  time  regarding  the  mechanisms 
involved  in  these  reactions. 

The  structure  of  (3  ~  methoxy  -  1  -  vinylpropyl)  -  aniline  has  been 
established  by  oxidizing  it  with  potassium  permanganate.  The  oxidation  products 
were  proved  to  contain  formic  acid  by  reactions  with  silver  oxide,  mercuric 
chloride,  and  phenylhydrazine  with  nitroprusside . 

The  cited  researches  indicate  that  the  reactions  between  amines  and  allyl 
halogen  compounds  of  the  R  -  CHCl  —  CH  =  CHg  and  R  -  CH  =  CH  -  CH2CI  types  are 
largely  governed  by  the  nature  of  the  amines.  The  reactions  of  the  isomeric 
methoxy-,  isopropoxy-,  and  butoxychloropentenes  with  secondary  amines: 
diethylamine  and  ethylaniline,  are  normal  for  the  primary  allyl  halogen  isomers 
and  quite  abnormal.  Involving  an  allyl  rearrangement,  for  the  secondary  ones. 

The  reactions  with  the  primary  amine,  aniline,  are  different:  they  are  normal 
with  primary  methoxy-chloropentene  and  apparently  of  a  combined  ionic -molecular 
nature  with  the  secondary  methoxychloropentene,  entailing  a  partial  rearrangement 
and  the  formation  of  a  large  quantity  of  an  anomalous  product. 

These  results  largely  confirm  and  extend  the  conclusions  reached  by  the 
authors  of  the  papers  cited  regarding  the  effect  of  the  nature  of  amines  upon  the 
course  of  their  reactions  with  allyl  halogen  isomers,  though  they  cannot  be 
regarded  as  fully  adequate  for  generalized  conclusions.  Further  extensive  study 
of  the  reactions  of  allyl  halogen  isomers,  especially  of  those  of  the  simplest 
type,  with  various  primary  amines  is  required. 

EXPERIMENTAL 

(With  the  participation  of  the  student  N.  A.  Kapitonova) 

Action  of  diethylamine  upon  1  -  methoxy  -  3  ~  chloropentene  -  3-  20  g  of  1  - 

methoxy  ~  3  ~  chloropentene  -  3  was  added  gradually  from  a  dropping  funnel,  with 
constant  stirring,  to  43.2  g  of  diethylamine  placed  in  a  round-bottomed  flask. 
Crystals  settled  out,  the  entire  mass  crystallized  toward  the  end  of  the  addition 
of  the  chloride.  The  mass  was  heated  for  10  hours  over  a  water  bath  and  then 
treated  with  200  ml  of  dilute  (l:  1)  hydrochloric  acid.  The  unreacted  chloride 
was  eliminated  by  extraction  with  ether,  after  which  the  solution  was  processed 
with  alkali.  The  resulting  amines  were  separated  in  a  separatory  funnel,  the 
aqueous  solution  being  extracted  repeatedly  with  ether.  The  ether  extracts  were 
added  to  the  separated  amine  layer,  desiccated  with  fused  alkali,  and 
fractionated,  yielding  2.25  g  of  a  fraction  with  a  b.p.  of  81-83°  (8  mm); 
np°  1.4400  and  16.43  g  of  1  -  methoxy  -  5  ~  diethylaminopentejie  -  3  (cf  Table  1 
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for  the  latter'^  constants),  after  the  ether  and  the  unreacted  diethylamine 
had  been  driven  off. 

0.7982  g  substance:  8.76  ml  H2SO4  (T  =  0.02535)*  Found  N  7*9*  CioHsiON 
Ca  culated  N  8.2. 

Action  of  diethylamine  upon  1  -  methoxy  -  3  ~  chloropentene  —  4.  The 
reaction  was  carried  out  under  the  same  conditions  and  with  the  same  reagent 
quantities  as  with  1  —  methoxy  “  5  ~  chloropentene  —  3  above,  the  sole 
difference  being  that  the  reaction  mixture  was  heated  for  a  longer  time  (20  hours), 
since  the  reaction  with  a  secondary  chloride  is  much  slower.  The  .rystals  of 
the  amine  hydrochlorides  did  not  settle  out  at  once,  but  only  after  the  reaction 
mixture  had  been  heated  over  a  water  bath  for  3-^  hours.  After  the  reaction  was 
complete,  the  reaction  mass  was  processed  as  in  the  preceding  experiment. 
Fractionation  of  the  reaction  products  yielded  20.9  g  of  1  -  methoxy  ~  5  “ 
diethylaminopentene  -  3  B.p.  84-86°  (lO  mm);  np°  1.4408;  df®  0.8467. 

Oxidation  of  1  -  methoxy  -  5  ~  diethylaminopentene  -  3*  Oxidation  was 
carried  out  in  a  two-liter  bottle,  into  which  60O  ml  of  water  and  12  g  of 
1  —  methoxy  ~  5  “  diethylaminopentene  -  3  had  been  poured.  31*5  g  of 
pulverized  potassium  permanganate  was  added  a  little  at  a  time  to  the  mixture, 
which  was  constantly  and  rapidly  stirred.  During  the  adding  of  the 
permanganate  the  bottle  was  cooled  with  running  water.  The  reaction  mixture  was 
allowed  to  stand  overnight  at  room  temperature,  the  next  day  the  aqueous  layer 
above  the  manganese  dioxide  being  found  to  be  clear.  The  precipitate  was 
filtered  out  and  thoroughly  washed  with  hot  water.  The  aqueous  salt  solution 
was  reduced  to  a  volume  of  40  ml  and  dilute  (l;l)  sulfuric  acid  was 
cautiously  added  to  It  until  all  the  salts  had  been  decomposed.  The  organic 
acids  were  extracted  with  several  batches  of  ether,  the  ether  layer  was 
desiccated  with  calcium  chloride,  the  ether  was  driven  off  above  a  water  bath, 
and  the  residue  was  fractionated  in  vacuum.  This  yielded  about  3  g  of 
3  -  methoxypropionic  acid,  with  a  b.p.  of  ll4°  (17  mm)  and  np°  1.4155*  The 
residue  in  the  flask  turned  into  tar  when  heated  further. 

Action  of  diethylamine  upon  1  -  isopropoxy  -  5  ~  chloropentene  -  3*  20  g 

of  the  chloride  was  gradualJ.y  added  from  a  dropping  funnel  to  27  g  of 
diethylamine.  Then  the  reaction  mixture  was  heated  for  8  hours  over  a  boiling 
Water  bath,  after  which  it  was  processed  as  described  for  the  preceding 
experiments.  Fractionation  of  the  reaction  mixture  yielded  only  one  product: 
l4  g  of  1“  isopropoxy  -  5  ~  diethylaminopentene  -  3  (Table  1,  Formula  2). 

0.9548  g  substance:  9.12  ml  H2SO4  (T  =  0.02535).  Found  N  6.92. 

C12H25ON.  Calculated  N  7*03.. 

Action  of  diethylamine  upon  1  —  isopropoxy  -  5  ~  chloropentene  ~  4.  20  g  of 

1  —  Isopropoxv  —  3  ~  chloropentene  —  4  was  gradually  added  to  30  g  of  diethylamine. 
The  crystals  of  the  amine  hydrochlorides  did  not  begin  to  settle  out  at  once, 
but  on^y  after  the  reaction  mixture  had  been  heated  for  several  hours.  Heating 
was  continued  for  a  total  of  24  hours.  The  subsequent  processing  of  the 
reaction  mixture  did  not  differ  from  that  described  for  the  preceding 
experiments.  Fractionation  of  the  reaction  products  yielded  only  one  product: 

15*1  g  of  1  -  isopropoxy  -  5  ~  diethylaminopentene  -  4.  B.p.  101-102°  (lO  mm); 
n5°  I.458O;  d4°0.8354.  No  low-boiling  products  were  found. 

Action  of  diethylamine  upon  1  —  butoxy  ~  5  ~  chloropentene  ~  3*  This 
reaction  was  carried  out  with  20  g  of  1  —  butoxy  ~  5  “  chloronentene  —  3  and 
36  g  of  diethylamine  under  conditions  that  resembled  those  described  for  the 
experiments  using  the  isomeric  methoxychlorcpentenes .  The  reaction  mixture 
was  heated  for  8  hours.  Processing  and  fractionating  the  reaction  products 
yielded  19  7  g  of  1  -  butoxy  -  5  ~  diethylaminopentene  —  3  (Table  1,  Formula  3)* 
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0.8556  g  substance;  7-57  ml  H2SO4  (T=0. 02555)*  Found  N  6.17. 

C13H27ON.  Calculated  N  6.57. 

Action  of  dlethylamlne  upon  l-butoxy-5-chloropentene-4.  The  reaction  was 
carried  out  under  conditions  resembling  those  prevailing  in  the  preceding  experiment, 
and  with  the  same  quantities  of  reagents,  the  reaction  mixture  being  heated  for  2k 
hours.  Only  one  product  was  secured  as  a  result  of  the  processing  and  fractiona¬ 
tion  of  the  reaction  mixture:  l4.1  g  of  l-butoxy-5-diethyl-aminopentene-3.  b.p. 
120-122°  (11  mm);  nj®  1.4420;  d  O.8568. 

Action  of  ethylaniline  upon  l-methoxy-5-chloropentene-5.  71.6  g  of  ethylani- 
line  and  20  g  of  l-methoxy-5-chloropentene-5  were  placed  in  a  round-bottomed  flask, 
and  the  reaction  mixture  was  heated  for  8  hours  over  a  water  bath.  Then  it  was 
treated  with  dilute  (l:lj  hydrochloric  acid,  the  unreacted  chloride  being  eliminated 
by  extraction  with  water,  and  the  amine  salts  being  decomposed  by  adding  an  alkali 
solution.  Fractionation  of  the  reaction  products  yielded  only  a  single  product; 

25*3  g  of  ethyl-(5-methoxypentenyl-2)  aniline,  B.p.  159-l6l*  (lO  mm);  n§°  I.536O; 

dfo  0.9806. 

1.1110  g  substance;  9-26  ml  H2SO4  (T=0. 02535)*  Found  N  6.O7.  C14H21ON. 
Calculated  N  6. 30. 

Action  of  ethylaniline  upon  l-methoxy-3-chloropentene-4 .  A  mixture  of  20  g 
of  l-methoxy-3-chloropentene-4  and  75  g  of  ethylaniline  was  heated  for  30  hours 
over  a  water  bath.  The  reaction  mixture  was  processed  as  in  the  preceding  experiment. 
Fractionation  of  the  reaction  products  yielded  only  a  single  product:  22  g  of 
'=‘thyl- (5 -methoxypentenyl-2 ) -aniline .  B.p.  l60-l6l°  (lO  mm);  n§°  I.536O; 
df®  0.9797*  No  low-boiling  fractions  were  recovered. 

Action  of  aniline  upon  l-methoxy-5-chloropentene-3*  Test  1  -  with  an  excess 
of  aniline. 20  g  of  l-methoxy-5-chloropentene-3  and  55*8  g  of  aniline  were  placed 
in  a  flask,  and  the  reaction  mixture  was  heated  over  a  water  bath  for  9  hours.  The 
reaction  mixture  crystallized  almost  completely  toward  the  end  of  heating.  It 
was  cautiously  transferred  to  a  beaker  containing  200  ml  of  dilute  hydrochloric 
acid,  the  entire  mass  dissolving.  The  solution  was  extracted  with  ether  and  then 
treated  with  a  concentrated  solution  of  alkali.  The  resulting  amines  were  dessic- 
ated  with  fused  caustic  potash  and  distilled  in  vacuum  with  a  spiral  still.  After 
the  unreacted  aniline  had  been  driven  off,  we  secured  I6.I  g  of  5-niethoxypentenyl- 
2-aniline.  B.p.  l63-l64°  (lO  mm);  ng®  I.5458;  d|°  I.OO5O. 

1.0216  g  substance;  9.85  ml  H2SO4  (T=0. 02535).  Found  N  6.99.  C12H17ON. 

Calculated  N  7.50. 

Test  2  -  with  an  excess  of  the  chloride.  13.9  g  of  aniline  and  40  g  of 
l-methoxy-5-chloropentene-3  were  used  for  the  reaction,  the  reaction  mixture 
being  heated  over  a  water  bath  for  9  hours.  Processing  and  fractionation  of  the 
reaction  products  yielded  two  products;  4.6  g  of  (methoxypentenyl-2) -aniline  (b.p. 
165-164°  at  10mm;  n^®  1.5455)  df®  1.0025)  and  13.2  g  of  di- (5-niethoxypentenyl- 

2>aniline  (b.p.  204°  at  10  mm;  n|°  1.5330;  df°  1.0000). 

i.0328  g  substance;  6.79  ml  H2SO4  (T=0. 02535).  Found  N  4.76.  C18H27ON. 
Calculated  N  4.84. 

Action  of  aniline  upon  l-methoxy-3-chloropentene-4 .  Test  1  -  with  an  excess 
of  aniline.  A  mixture  of  20  g  of  l-methoxy-3-chloropentene-4  and  55*8  g  of  aniline 
was  heated  over  a  water  bath  for  9  hours,  its  subsequent  processing  following  the 
usual  lines.  Fractionation  of  the  mixture  into  a  spiral  still  yielded  two  products: 

1)  7*9  g  of  (3-niethoxy-l-vinylpropyl) -aniline .  B.p.  I4l-l42*  (12  mm);  ng°  1.5390; 
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d|°  1.0030. 

0.9028  g  substance;  8.48  ml  H2SO4  (T=0.02535).  Found  ^  N  6.8  C12H17ON. 

Calculated  N  T*5> 

2)  13.4  g  of  (5-niethoxypentenyl-2) -aniline .  B.p.  l62-l63“  (lO  mm;;  nS°  1.5^555 

dfo  1.0035. 

Test  2  -  with  an  excess  of  the  chloride.  A  mixture  of  13-9  g  of  aniline  and  40 
g  of  l-methoxy-3-chloropentene-4  was  heated  for  20  hours  over  a  water  bath.  Process¬ 
ing  and  fractionating  the  reaction  mixture  yielded  three  products:  l)  3*5  g  of 
(3-niethoxy-l-vinylpropyl) -aniline,  with  a  b.p.  of  I38*  (lO  mm);  n§®  1.5400; 

2)  4.0  g  of  (5-methoxypentenyr.£) -aniline  with  a  b.p.  of  16O-I62®  at  10  mm;  n§°  1.5440 
and  3)  5  g  of  di- (5-niethoxypentenyl-2) -aniline  with  a  b.p.  of  204®  at  10  mm; 

nj®  1.5538. 

Oxidation  of  (3-niethoxy-l-vinylpropyl; -aniline .  l8.21  g  of  finely  pulverized 

potassium  permanganate  was  gradually  added,  with  constant  stirring  and  external 
chilling  of  the  flask  with  runningwater ,  to  a  mixture  of  11  g  of  the  product  and 
300  ml  of  water.  After  all  the  permanganate  had  been  added,  the  mixture  was  set 
aside  to  stand  for  12  hours  at  room  temperature.  The  manganese  dioxide  was  filtered 
out  and  cashed  •.  ith  hot  water,  the  aqueous  solution  being  reduced  to  a  volume  of 
30-40  ml  and  then  treated  with  sulfuric  acid.  The  acids  were  extracted  with  ether, 
the  ether  extract  was  dessicated  with  calcium  chloride,  the  ether  was  driven  off, 
and  the  residue  was  steam-distilled  at  atmospheric  pressure.  The  distillate 
exhibited  a  positive  reaction  for  formic  acid:  adding  silver  oxide  to  it  produced 
a  black  deposit  of  silver  and  a  partial  silver  mirror;  adding  a  solution  of  mercuric 
chloride  threw  down  a  white  precipitate  of  calomel;  adding  magnesium,  phenylhydraz- 
ine  and  sodium  nitroprusside  to  part  of  the  distillate  turned  the  solution  blue. 

SUMMARY 

A  study  has  been  made  of  the  action  of  isomeric  methoxy-, isopropoxy-,  and 
butoxychloropentenes  upon  diethylamine,  ethylaniline,  and  aniline.  It  has  been 
shown  that  primary  alkyl  halogen  isomers  react  normally  with  secondary  amines, 
no  rearrangement  taking  place,  the  structure  of  the  resultant  products  resembling 
that  of  the  respective  original  chloride. 

The  reactions  between  diethylamine  and  secondary  allyl  halogen  compounds, 
involve  a  complete  allyl  rearrangement,  however,  while  the  reaction  with  aniline 
entails  a  partial  rearrangement,  apparently  of  a  combined  ionic -molecular  nature. 

The  nature  of  the  amine  has  a  considerable  effect  upon  the  course  of  their  reactions 
with  allyl  halogen  isomers. 
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THE  STRUCTURE  OF  THE  OXIDATION  mODUCTS  OF  DIALLYL  SULFIDE 
Yu.  0.  Gabel^^  and  L.  F.  Shpeier 


Levin  was  the  first  to  describe  the  oxidation  products  of  diallyl  sulfide, 

(CH2  =  CH - CH2)2S,  in  his  investigation  of  the  action  of  benzoyl  hydrogen 

peroxide  on  some  unsaturated  sulfides  [1].  He  found  that  in  this  oxidation,  one 
oxygen  atom  is  first  added  to  the  sulfide  molecule  followed  by  a  second  oxygen  atom, 
one  sulfide  molecule  using  up  no  more  than  two  atoms  of  oxygen  no  matter  what 
the  concentration  of  the  benzoyl  hydrogen  peroxide  or  the  experimental  conditions. 
Levin  believes  that  the  double  bonds  are  unaffected  in  this  instance,  a  sulfoxide 
being  formed  in  the  first  stage  of  oxidation,  and  then  a  sulfone.  He  therefore 
attributes  Structure  (l)  rather  than  (ll),  to  the  oxidation  product  of  diallyl 
sulfide  containing  one  atom  of  oxygen,  on  the  basis  of  the  following  experimental 
observations ; 

0 

/\ 

g^H2-CH-CH2 

N:h2-ch=ch2 

(II) 

The  substance  he  synthesized,  with  the  empirical  formula  of  CeHioSO,  was  a 
yellow  oil  with  a  b.p.  of  107-109“  at  J-8  mm,  freely  soluble  in  water  and  in  the 
usual  solvents;  he  found  its  molecular  refraction  to  be  38-2  [the  calculated 
molecular  refraction  is  37-57  for  Structure  (IJ  and  36.67  for  Structure  (ll)]. 

The  substance  does  not  throw  down  magnesium  hydroxide  from  a  solution  of  magnesium 
chloride  nor  ferric  hydroxide  from  a  solution  of  ferric  chloride. 

We  have  secured  a  product  of  the  oxidation  of  diallyl  sulfide  with  hydrogen 
peroxide  that  possesses  the  same  empirical  formula  of  CeHioSO,  but  different 
properties:  it  boils  at  52°  at  5-7  mm  pressure,  and  is  very  slightly  soluble  in 
water,  though  freely  soluble  in  alcohol,  ether,  and  benzene.  The  data  in  the 
literature  on  the  synthesis  and  the  properties  of  sulfoxides,  on  the  one  hand,  and 
of  organic  oxides  of  the  ethylene  oxide  type,  on  the  other,  forced  us  to  assume 
that  the  product  we  had  synthesized  was  the  sulfoxide,  rather  than  Levin's  substance. 

Prilezhaev’s  researches  have  established  that  the  oxidation  of  unsaturated 
compounds  with  benzoyl  hydrogen  peroxide  results  in  the  formation  of  organic  oxides, 
i .e . ,  the  oxygen  is  added  at  the  double  bond  [2],  whereas  oxidizing  sulfides  with 
hydrogen  peroxide  is  a  smooth  and  most  customary  method  of  securing  sulfoxides.  In 
contrast  to  organic  oxides,  sulfoxides  are  usually  insoluble  or  very  slightly 
soluble  in  water,  as  we  found  to  be  the  case  with  our  product,  whereas  Levin's 
product  was  freely  soluble  in  water.  One  characteristic  of  sulfoxides  is  their 
ability  to  yield  up  an  atom  of  oxygen  readily  being  reduced  thereby  to  sulfides. 

The  reaction  of  allycine  with  cysteine  has  been  described  [3],  in  which  the  cysteine 
is  oxidized  by  the  allycine 's  oxygen,  a  crystalline  product,  S-thioallyl-cysteine , 
being  formed: 

(CH2=CI^CH2-S;20  +  2H&-CH2-CH-COOH  — > 

NH2 

Deceased. 
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2CH2=CH-CH2-S-S-CH2-CH-C00H  +  H2O 


NH2 


We  added  a  few  drops  of  a  solution  of  sodium  nitroprusside  and  then  our 
substance  to  a  soda  solution  of  cysteine.  The  intensive  red  color  that  appeared 
at  first,  due  to  the  presence  of  the  sulfhydryl  group  in  the  cysteine,  vanished  at 
once  when  the  sulfoxide  was  added,  a  crystalline  precipitate  being  thrown  down.  We 
decided  to  synthesize  diallyl  sulfide  differently,  eliminating  any  possibility 
of  oxidizing  the  double  bond,  in  order  to  establish  finally  the  structure  of 
the  substance  we  had  secured.  In  this  respect  our  attention  was  drawn  to  the  re¬ 
action  between  organomagnesium  compounds  and  thionyl  chloride,  which  results  in 
the  formation  of  the  corresponding  sulfoxide,  according  to  the  literature. 

That  is  how  Strecker  synthesized  diphenyl  sulfoxide  and  dibenzyl  sulfoxide  [^]. 
We  prepared  allylmagnesium  bromide  from  allyl  bromide  and  magnesium  [5]  and  then 
reacted  it  with  thionyl  chloride,  resulting  in  the  formation  of  a  substance  that 
was  identical  with  the  oxidation  product  of  diallyl  sulfide  by  hydrogen  peroxide. 
This  proves  that  in  both  cases  we  synthesized  diallyl  sulfoxide  of  Structure  (l), 
the  oxidation  in  Levin's  research  apparently  having  occurred  at  the  double  bond. 


EXPERIMENTAL 

1.  Diallyl  sulfide  (by  a  modification  of  Hofmann's  procedure  [6]).  69.5  g 

of  sodium  sulfide  was  dissolved  in  26O  ml  of  boiling  alcohol,  and  35  nil  ol*  allyl 
bromide  was  then  added  gradually.  The  mixture  was  heated  for  1  hour  over  a 
water  bath  with  a  reflux  condenser  and  then  poured  into  water.  The  resulting 
oil,  which  had  the  strong  odor  of  garlic,  was  separated,  dried  with  calcium 
chloride,  and  distilled  in  vacuum.  The  yield  of  diallyl  sulfide  was  8  g  (3^.6^ 
of  the  theoretical);  b.p.  35**  at  5-7  nim 

2.  Diallyl  sulfoxide,  a)  From  diallyl  sulfide.  1  g  of  diallyl  sulfide  was 
dissolved  in  2  ml  of  glacial  acetic  acid,  and  1.2  ml  of  a  30^  solution  of  hydrogen 
peroxide  was  added.  The  mixture  warmed  up  considerably.  After  the  mixture  had 
cooled  to  room  temperatiore,  the  reaction  product  was  extracted  with  chloroform, 
the  extract  being  washed  with  water,  then  dried  with  calcium  chloride.  Elimin¬ 
ating  the  chloroform  yielded  diallyl  sulfoxide  as  an  oil  with  a  characteristic 
garlic  odor  The  yield  was  O.U5  g  (39*5^  of  the  theoretical);  b.p.  52“  at  5-7  nun. 

0.13^0  g  substance;  0.2378  g  BaS04;  0.1026  g  substance;  O.I852  g  BaS04;  O.IO3O  g 
substance;  O.186I  g  BaS04.  Found  S  2U.3I,  24.73>  24.75*  CeHioOS.  Calculated 

s  24.61. 

b;  From  allyl  magnesium  bromide.  4  g  of  metallic  magnesium  and  a  crystal 
of  iodine  were  added  to  a  solution  of  15  ml  of  allyl  bromide  in  100  ml  of  absolute 
ether.  The  mixture  was  heated  gently,  setting  off  a  violent  reaction.  After 
all  the  magnesium  had  dissolved,  the  mixture  was  chilled  and  6  ml  of  thionyl 
chloride  was  added  a  drop  at  a  time.  Then  the  organomagnesium  compound  was 
decomposed  with  water  acidulated  with  hydrochloric  acid,  and  the  sulfoxide  was 
extracted  with  ether  The  extract  was  dried  with  calcium  chloride,  and  the 

ether  was  driven  off,  yielding  an  oil  with  a  characteristic  garlic  odor.  The  yield 
of  diallyl  sulfoxide  was  2.4  g  (22.2^  of  the  theoretical).  B.p.  52-55“  at  5-7  mm. 

0.1728  substance;  O.5065  g  BaS04;  0.1432  g  substance;  0.2549  g  BaS04.  Found 
S  24.30,  24  59.  CeHioOS.  Calculated  S  24.6l. 

Sl^MMARY 

1.  Oxidation  of  diallyl  sulfide  with  hydrogen  peroxide  does  not  involve  the 
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double  bond,  but  results  in  the  formation  of  diallyl  sulfoxide. 

2.  Diallyl  sulfoxide  can  be  synthesized:  a)  by  oxidizing  diallyl  sulfide 
with  hydrogen  peroxide,  the  yield  being  39*5^  of  the  theoretical  and  b)  from 
allylmagnesium  bromide  and  thionyl  chloride,  the  yield  being  22.2^  of  the 
theoretical. 
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SYNTHESIS  OF  AMINOSULFIDES  AND  AMINOSULFONES 


X,  THE  SYNTHESIS  OF  £-AMINOPHENYL  3-KETOSULFIDE  AND  p-AMINOPHENYL 

3-KETOSULFONES 


I.  Kli.  Feldman  and  N.  G.  Prein 


When  halogen  phenacyl  derivatives  are  condensed  with  alkaline  salts  of 
sulfinic  acids  in  water  or  alcohol  containing  copper  powder,  we  get  p-aminophenyl 
ketosulfones .  This  method  was  first  proposed  by  Otto  [1]  and  utilized  repeatedly 
by  other  authors  [2,3].  The  reaction  is  as  follows: 

P  n 

CH3C0NHC6H4S02Na  +  BrCHgCOCsHs  ^  CH3CONHC6H4SO2CH2COC2H5  +  NaBr . 

In  the  present  research  the  3-ketosulfones  were  prepared  by  oxidizing 
3-ketosulf ides ,  which  were  in  turn  prepared  by  condensing  halogen  derivatives  of 
phenacyls  with  salts  of  the  mercaptans: 

R-COCH2CI  +  KaSRi  — >  RCOCH2SR1  +  NaCl, 

R-COCH2SR1  ^  RCOCH2SO2R1. 

As  a  result  of  the  research  we  secured  a  series  of  3-ketosulfides  and  3- 
ketosulfones,  in  which 

R  =  CH3C0NHC6H4“  and  NH2C6H4— ,  but  Ri  =  NO2C6H4— ;  NH2C6H4— ; 

C2H5COOCH2-;  CH2COOH. 

The  sulfides  and  sulfones  were  oxidized  by  hydrogen  peroxide  in  acetic  acid. 

The  reaction  set  in  violently,  the  temperature  of  the  reaction  mixture  being  raised 
from  10-15°  to  20-25°,  sometimes  even  higher. 

The  reaction  was  conducted  for  2-3  hours  at  a  temperature  no  higher  than  55” > 
as  otherwise  tarring  sets  in.  The  recovery  and  refining  of  the  oxidized  product 
were  effective,  the  yields  being  as  high  as  80^.  The  resulting  sulfides  were 
yellow  as  a  rule,  turning  white  or  a  light  cream  when  oxidized  to  sulfones. 

The  nltro  group  in  the  sulfides  and  sulfones  was  reduced  by  a  method  worked 
out  in  our  laboratory,  involving  the  use  of  hydrogen  and  Raney's  nickel  at  room 
temperature  at  atmospheric  pressure.  Under  these  conditions  the  amount  of  catalyst 
employed  equalled  the  weight  of  the  substance  to  be  reduced,  reduction  being  smooth, 
with  yields  of  80-90^. 

The  acetyl  groups  in  the  respective  acetaminoketosulf ides  and  acetaminoketo- 
sulfones  were  saponified  by  lU^  hydrochloric  acid  in  water. 

Troger  and  Hille  [5]  Michael  [6],  and  other  authors  investigated  the  properties 
of  the  hydrogen  atoms  in  the  acid  methylene  group  alongside  the  sulfinic  group, 
proving  that  the  methylenic  hydrogen  possessed  high  activity  in  the  ketosulfones 
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and  disulfones  they  had  synthesized. 

In  order  to  demonstrate  that  the  hydrogen  atoms  in  the  synthesized  sulfone 
(VIl)  were  active,  we  condensed  it  with  dimethylaminobenzaldehyde  in  pyridine  to 
which  a  few  drops  of  piperidine  had  been  added.  The  resulting  substance  contained 
a  double  bond.  When  its  nitro  group  was  reduced  with  hydrogen  and  Raney's  Ni 
catalyst,  the  double  bond  was  not  hydrogenated,  only  the  nitro  group  being  reduced. 

EXPERIMENTAL 

Synthesis  of  p-aminophenacylsulfoglycollic  hydrochloride: 


+  KSCH2COOC2H5 


COCH2CI 


NHCOCH3 


COCH2SCH2COOC2H5 

(I) 


NHCOCH3 


+HC1,  2H2O 

- > 

-CH3COOH,  C2H5OH 


NH2  •  HCl 


c  cx:  H2SO2C  H2C  ooc  2H5 

(ID 


CXH2SO2CH2COOH 

(IID 


p-Acetaminophenacyl  ethyl  glycollate  sulfide,  (ij.  L  g  (O.O25  mol)  of  ethyl 
thioglycollate  [7,8]  was  placed  in  a  three-necked  flask  fitted  with  a  stirrer,  a 
thermometer  and  a  dropping  funnel,  and  1.1  g  (0.025  mol)  of  KOH  in  30  ml  of 
alcohol  was  added  drop  by  drop  in  the  cold.  The  resulting  potassium  mercaptide 
was  stirred  while  4  g  (0.02  mol)  of  p-acetaminophenacyl  chloride  [9]  was  gradually 
added,  causing  the  temperature  of  the  reaction  mass  to  rise  to  40-45°.  After  this 
addition  was  completed,  stirring  was  continued  for  3  hours  at  40-45°.  Then  the 
reaction  mass  was  poured  into  4  times  its  volume  of  water.  The  resulting  cream- 
colored  crystalline  product  was  recrystallized  from  70°  alcohol;  m.p.  90-92.5°* 

The  synthesized  substance  weighed  5  g  (89*2^  of  the  theoretical).  It  was  soluble 
in  alcohol,  acetone,  and  acetic  acid,  though  insoluble  in  water,  benzene,  or 
petroleum  ether . 

Found  N  4.74;  S  10. 33.  C14H17O4NS.  Calculated  N  4.88;  S  10.45 

p-Acetaminophenacyl  ethyl  glycollate  sulfone  (ll>.  3  g  (0.01  molj  of  the 

sulfi'ie  synthesized  above  was  dissolved  in  2C  ml  of  glacial  acetic  acid,  placed  in 
a  flask  fitted  with  a  stirrer,  a  thermometer,  and  a  dropping  funnel.  2.5  ml  of 
26*^  hydrogen  peroxide  was  added  a  drop  at  a  time  to  the  solution  without  the 
application  of  any  heat.  When  all  the  perhydrol  had  been  added,  the  temperature 
had  risen  to  50-55°^  and  the  mixture  was  stirred  at  this  temperature  for  2  hours. 
When  the  reaction  was  over,  the  mass  was  chilled  and  then  poured  into  three  times 
its  volimie  of  water,  a  cream-colored  precipitate  being  thrown  down.  The  yield  was 
1*9  g  ^59^i •  The  m.p.  was  169-170°  after  crystallization  of  the  precipitate  from 
70°  alcohol.  It  was  soluble  in  alcohol,  acetone,  and  acetic  acid. 

Fo-ond  N  4.l6;  C  52.03;  H  5.47;  S  9  71.  C14H17O6NS.  Calculated 
N  4.28;  C  51*7;  H  5*5:  S  9*78 
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^-Amlnophenacylsulfoglycollic  Hydrochloride  (ill).  2  g  of  the  sulfone 
synthesized  above  was  heated  with  20  ml  of  hydrochloric  acid  over  a  water  bath 
for  90  minutes.  When  the  reaction  was  over  and  the  solution  cooled  down,  grayish 
crystals  of  the  hydrochloride  (0.4  g)  settled  out;  they  were  soluble  in  water, 
alkalies,  alcohol,  and  acetone,  and  Insoluble  in  ether,  benzene,  or  chloroform. 
Evaporating  the  filtrate  yielded  another  0.8  g  of  the  hvdrochloride,  somewhat 
more  highly  contaminated.  The  ;.otal  yield  was  1.2  g  (70.8^  of  the  theoretical/. 
The  melting  point  was  190-191°  after  recrystaxlization  from  alcohol. 

Found  N.  4.46;  Cl  11.70.  C10H12O5NSCI .  Calculated  <3^;  N  4.31;  Cl  11.86 


Synthesis  of  p-Aminophenacyl  p ' -Aminophenyl  Sulfide  (Vl)  and  Sulfone  (iXy 

CH3COP  NO2 

CH3CONH  COCH2CI  +  KS  NO2  — > 


CH3CONH  NH2 

3H2.,  H2O. 


NH2  NH2 


HCl 


CO— CH2— S 

(iv; 


O2 


NH2  NH2 


CO— CH2 — s 
(V) 


CO— CH2— s 
(VI) 


CH3CONH 


NH2 


CH3CONH  N02 


H20 


HCl 


3Hp 


CO-CH2-SO2 

(IXJ 


CO — CH2~S02 
(VIII) 


COCH2— S02 
.(VII) 

OHC  N(CH3): 


NH2  NH2 


CH3CONH  NH2 


CH3CONH  NO2 


co-c;-so2 


H2O 

HCl 


CO-C-SO2 

h 


3H2 


N(CH3)2 

(XII) 


N(CH3)2 

(XI) 


CH-C-S02 

!. 

0 

N(CH3)2 

(X) 


Product  (IX)  had  been  previously  synthesized  by  another  method  [1]. 


p-Acetamlnophenacyl  p* -nltrophenyl  sulfide  (IV).  1.1  g  (0.02  mol)  of  KOH 

was  dissolved  in  3  ml  of  alcohol  contained  in  a  three-necked  flask  fitted  with  a 
stirrer  and  a  thermometer,  and  3.1  g  (0.02  mol)  of  p-nitrcphenylthiol  [lO]  was 
added.  The  red  solution  of  the  potassium  salt  of  p-nitrophenylthiol  resulted, 
and  h .2  g  (0.02  mol)  of  acetaminophenacyl  chloride  was  then  gradually  added  to 
it.  When  all  the  chloride  had  been  added,  the  red  solution  of  the  potassium 
mercaptide  turned  yellow,  and  then  a  copious  precipitate  began  to  settle  out. 
Stirring  and  heating  were  continued  at  55°  for  3  hours.  This  yielded  4.9  g  of 
the  dark-yellow  p-acetaminophenacyl  p’-nitrophenyl  sulfide,  the  yield  being  74^ 
of  the  theoretical.  It  was  recrystallized  from  70“  ethyl  alcohol;  yellow  needles 
with  a  m.p.  of  186-107“. 

Founder  N  8.54;  S  9-84.  C16H14O4N2S.  Calculated  N  8.48;  S  9.70. 

p-Acetaminophenacyl  p * -aminophenyl  sulfide  (V).  15  g  of  p-acetaminophenacyl 

p'-nitrophenyl  sulfide  was  suspended  in  30  ml  of  alcohol.  5  g  of  Raney  nickel 
catalyst  was  added  to  the  suspension  and  the  reaction  mixture  was  shaken  in  an 
atmosphere  of  hydrogen  for  2  hours.  517  ml  of  hydrogen  was  absorbed  (theory  re¬ 
quires  505  ml).  At  the  end  of  the  reaction  the  mixture  was  heated  to  dissolve  the 
reaction  products  and  the  catalyst  was  filtered  off.  Upon  cooling,  fine  yellow 
crystals  were  deposited;  weight  1.1  g  (75^  of  theoretical ( .  The  product,  re¬ 
crystallized  from  alcohol,  had  an  m.p.  of  l80-l82*  (a  sample  mixed  with  some  of  the 
initial  product  melted  at  124-150“). 

Found  N  9.33;  S  10. 67.  C16H16O2N2S.  Calculated  N  9-3;  S  10. 25. 


p-Acetaminophenacyl  p ' -aminophenyl  sulfide  (VI;.  0.8  g  of  p-acetaminophenacyl 
p ' -aminophenyl  sulfide (V )  was  placed  in  a  flask  with  6  ml  of  acetic  acid,  1  ml 
of  concentrated  hydrochloric  acid,  and  I.5  ml  of  water,  and  heated  to  70-75°  for 
2  hours  over  a  water  bath.  The  solution  was  then  cooled  and  neutralized  with 
aqueous  ammonia.  The  0.2  g  of  a  light-yellow  precipitate  was  recrystallized 
from  70“  alcohol;  m.p.  l40-l42“. 

Found  N  10.8.  C14H14ON2S.  Calculated  N  10. 96. 

p-Acetamlnophenacyl  p* -nitrophenyl  sulfone  (VII).  6.5  g  of  p-acetaminophenacyl 
p* -nitrophenyl  sulfide  was  dissolved  in  50  ml  of  glacial  acetic  acid  and  then 
put  in  a  three-necked  flask  fitted  with  a  stirrer  and  a  thermometer,  after  which  5 
ml  of  20^  hydrogen  peroxide  was  added  a  drop  at  a  time.  By  the  time  addition  was 
complete  the  temperature  had  risen  to  50-55° >  stirring  being  continued  at  this 
temperature  for  3  hours.  The  resulting  yellow  solution  was  cooled  and  then  poured 
into  water;  a  precipitate  settled  out,  which  was  recrystallized  from  a  mixture  of 
butyl  and  ethyl  alcohols.  This  yielded  6.5  g  (some  90^  of  the  theoretical)  of  a 
cream-colored  crystalline  product. 

Found  N  8.0;  S  8.94;  OCCH3  11.4.  C16H14O6N2S.  Calculated  N  7-73; 

S  8.84;  OCCH3  11.88, 

p-Acetamlnophenacyl  p ’ -aminophenyl  sulfone  ('VIII).  6  g  of  p-acetaminophenacyl 
p'-nitrophenyl  sulfone,  I70  ml  of  alcohol,  and  12  g  of  Raney's  nickel  catalyst 
were  placed  in  a  bottle;  the  whole  mixture  was  then  agitated  in  a  hydrogen  atmos¬ 
phere  for  3  hours,  the  theoretically  required  quantity  of  IO5O  ml  of  hydrogen 
being  absorbed.  Inasmuch  as  the  precipitate  contained  the  hydrogenation  product 
togetfit-r  with  the  catalyst,  the  reaction  mixture  was  heated  until  the  precipitate 
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dissolved,  the  catalyst  being  filtered  out  of  the  solution  and  part  of  the 
alcohol  being  driven  off.  A  total  of  3*9  g  of  the  product  crystallized  out 
(70^  of  the  theoretical);  its  m.p.  was  147-1^9°  after  recrystallization  from 
alcohol.  It  was  soluble  in  alcohol,  ethyl  acetate,  acetone,  and  acetic  acid. 

Found  N  8.36;  S  9-57.  C16H16O4N2S.  Calculated  N  8.43;  S  9.63. 

The  £-acetaminophenacyl  p ' -aminophenyl  sulfone  was  saponified  by  a  mix¬ 
ture  of  hydrochloric  and  acetic  acids.  This  yielded  p-aminophenacyl  p' -amino- 
phenyl  sulfone  (IX)  -  a  product  with  a  m.p.  of  216-217*,  which  was  the  same  as 
the  one  described  previously  [1]. 

The  2-p-Acetaminobenzoyl  2-p ' -nitrophenyl  sulfone  of  l-p* -dimethylamino- 
phenyl  ethylene  (X) .  1.8  g  of  p-acetaminophenacyl  p' -nitrophenyl  sulfone 

(Vllly,  0.75  g  of*  dimethylaminobenzaldehyde,  7  ml  of  pyridine,  and  2  drops  of 
piperidine  were  placed  in  a  round-bottomed  flask.  The  whole  mixture  was  then 
heated  for  10  hours  with  a  reflux  condenser  over  an  oil  bath.  Then  the  re¬ 
action  mass  was  treated  with  1^  hydrochloric  acid.  This  yielded  a  brick-colored 
product,  which  was  crystallized  from  aqueous  alcohol,  its  m.p.  then  being  76-j8° 

(a  fusion  sample  mixed  with  dimethylaminobenzaldehyde  had  a  m.p.  of  48-52*). 

The  yield  was  0.6  g. 

Found  N  8.42;  S  6.42.  C25H23O6N3S.  Calculated  N  8.5I;  S  6.49. 

2-p-Acetaminobenzoyl  2-p * -aminophenyl  sulfone  of  l-p ' -dimethylaminophenyl- 
ethylene  (XI; .  1.2  g  of  the  2-£-acetaminobenzoyl  2-^' -nitrophenylsulfone  of 
l-p* -dimethylaminophenylethylene  (X),  40  ml  of  alcohol,  and  2.4  g  of  Raney's 
nickel  catalyst  were  placed  in  a  bottle;  the  reaction  mixture  was  agitated  in  an 
atmosphere  of  hydrogen  for  3  hours,  the  theoretically  requiredl68  ml  of  hydrogen 
being  absorbed.  The  mixture  was  then  heated  until  the  reaction  product  dissolved 
completely.  The  catalyst  was  filtered  out,  O.65  g  of  a  finely  crystalline,  yellow- 
green  product  crystallizing  out  of  the  solution.  The  yield  was  ^8%.  When  re¬ 
crystallized  from  alcohol,  it  had  a  m.p.  of  139-l4l";  it  was  soluble  in  dilute 
hydrochloric  acid,  acetone,  and  ethyl  acetate;  much  less  so  in  alcohol. 

Found  S  7 •13.  C25H25O4N3S.  Calculated  S  6.9I. 

2-p-Aminobenzoyl  2-p * -aminophenyl  sulfone  of  l-p ' -dimethylaminophenylethylene 
(XIl) .  4  g  of  the  2-p-acetaminobenzoyl  2-p ' -aminophenyl  sulfone  of  l-p * -dimethyl¬ 
aminophenylethylene  (XI)  was  placed  in  a  round-bottomed  flask  together  with  10  ml 
of  acetic  acid  and  10  ml  of  concentrated  hydrochloric  acid;  the  mixture  was  heated 
to  70-75°  over  a  water  bath.  Everything  dissolved  within  6  hours.  The  solution 
was  cooled  and  then  neutralized  with  a  5^  solution  of  sodium  hydroxide,  yielding 
1.2  g  of  product;  the  m.p.  was  l60-l62.5°  after  recrystallization  of  70“  alcohol. 

It  was  soluble  in  dilute  hydrochloric  acid,  acetic  acid,  pyridine,  acetone,  and 
alcohol;  insoluble  in  water  or  benzene. 

Found  %:  S  7.39.  C23H2303N3S.  Calculated  %:  S  7.5. 

SUMMARY. 

1.  Several  aromatic  and  aliphatic -aromatic  3-ketosulf ides  have  been  syn¬ 
thesized,  their  oxidation  yielding  the  corresponding  aromatic  and  aliphatic-arom¬ 
atic  3-4etosulfones,  not  hitherto  described  in  the  literature. 

2.  The  feasibility  of  reducing  sulfides  with  Raney's  nickel  catalyst, 
pointed  out  by  one  of  the  present  authors  previously  [11]^  has  been  confirmed. 

5  The  condensation  product  of  p-dimethylamlnobenzaldehyde  with  the  3-ketosulfone 
at  the  acidic  methylene  group  has  been  synthesized;  this  bears  out  the  previously 
published  papers  on  the  activity  of  the  hydrogen  atoms  in  this  group. 
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SYNTHESIS  OF  AMINOSULFIDES  AND  AMINOSULFONES 


XI.  THE  SYNTHESIS  OF  1, 1, 1-TRICHL0R0-2-HYDR0XYETHANE- (p-NITROPHENYL) 

SULFIDE,  ITS  ACETOXY  DERIVATIVE,  AND  ITS  SULFOXIDE 

I. Kh.  Feldman  and  T. I. Gurevich 

Continuing  our  research  [1]  on  a  method  of  synthesizing  3-aminosulf ides 
and  3-aminosulfones,  we  made  a  study  of  the  condensation  products  of  chloral  and 
£-nitr ophenylthiol . 

We  know  that  chloral  reacts  with  thiols  when  equimolecular  quantities  of  the 
two  substances  are  merely  mixed  together,  as  follows; 

^  / 

CCI3CHO  +  HSR  - ^  CClaCH^^ 


E. Baumann  [2]  secured  compounds  of  this  sort  by  reacting  chloral  with 
phenythiol  or  bromophenylthiol;  they  are  unstable,  cannot  endure  heating,  and 
break  down  when  acted  upon  by  alkali  solutions. 


We  condensed  chloral  with  ^-nitrophenylthiol,  passing  anhydrous  hydrogen 
chloride  through  a  mixture  of  these  products  at  55-60“ ,  no  solvent  being  employ¬ 
ed,  as  well  as  in  acetic  anhydride.  This  reaction  does  not  take  place  in  benzene 
or  dichloroethane .  When  we  carried  out  the  reaction  without  any  solvent,  we  se¬ 
cured  l,l,l-trichloro-2-hydroxyethane-(£-nitrophenyl)  sulfide  (l) . 

When  the  reaction  was  carried  out  in  acetic  anhydride,  the  condensation  (l) 
was  accompanied  by  the  acetylation  of  the  resultant  product,  yielding  1,1,1-tri- 
chloro-2-acetoxyethane- (p-nitrophenyl)  sulfide  (ll  ): 


CCI3CH 


\ 


OH 

S-C6H4-N02 


(I) 


CCI3CH 


^0C0CH3 

^'^qHh-NOs 


(ID 


Both  of  these  compounds  are  highly  unstable,  this  being  particularly  true 
of  (l):  alkalies  break  them  down  into  mercaptides;  when  these  products  are  cry¬ 
stallized  from  alcohol,  they  decompose  in  psirt,  forming  a  p,£ ' -dinitrodiphenyl 
disulfide.  The  synthesized  products  (ij  and  (llj  were  purified  by  dissolving  them 
in  ether  at  room  temperature,  filtering  out  the  insoluble  impurities,  and  evap¬ 
orating  the  ether..  Even  this  procedure  did  not  purify  Compound  (l)  completely, 
though  Compound  (II)  was  recovered  in  a  purer  state. 

When  the  hydroxyl  group  in  Compound  (l^  was  acetylated  to  produce  Compound  (ll) 
the  molecule  was  ruptured,  yielding  a  p-nitrophenylacetic  thioether; 


CH3CO-  — NO2, 

which  was  identified  by  analyzing  its  sulfur  and  nitrogen  content  and  by  the 
melting  point  of  a  fusion  sample  mixed  with  the  known  prepeuration. 

Oxidizing  Compound  (l)  with  perhydrol  at  room  temperature  in  acetone  cleaved 
the  molecule,  yielding  the  p,£ ’ -dinitrodiphenyl  disulfide  (ill),  which  was  isolated 
and  identified  by  the  melting  point  of  a  fusion  sample  mixed  with  the  know  product. 
Oxidation  with  perhydrol  in  glacial  acetic  acid  and  acetic  anhydride  likewise 
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resulted  in  cleavage  of  the  molecule,  yielding  the  p,£' -dinitrodiphenyl  disulf¬ 
oxide  (iVy.  The  latter  was  identified  by  analyzing  it  for  its  sulfur  and 

nitrogen  content  and  by  the  melting  point  of  a  fusion  sample  mixed  with  known 
dinitrodiphenyl  disulfoxide. 

Product  (ll)  cannot  be  oxidized  with  perhydrol  in  acetone  at  room  temper¬ 
ature,  the  initial  l,l,l-trichloro-2-acetoxyetl:iane-(£-nltrophenyl)  sulfide 
being  recovered  unchanged.  When  we  oxidized  Compound  (ll)  with  perhydrol  in  a 
mixture  of  glacial  acetic  acid  and  acetic  anhydride,  and  when  we  oxidized  it 
with  chromic  anhydride  in  glacial  acetic  acid,  we  secured  l,l,l-trichloro-2- 
acetoxyethane- (p-nitrophenyl)  sulfoxide  (V). 

An  attempt  to  oxidize  Compound  (v)  further  to  the  corresponding  sulfone 
met  with  failure.  Inasmuch  as  we  were  unable  to  oxidize  Compound  (l)  to  the 
sulfoxide  (Vl)  or  to  secure  the  latter  compound  by  saponifying  the  acetyl  group 
in  Compound  (V),  we  effected  the  saponification  by  a  mixture  of  concentrated 
hydrochloric  and  8o^  acetic  acids.  But  instead  of  the  expected  sulfoxide,  we 
secured  p,p’ -dinitrodiphenyl  disulfoxide  (IV). 


OPNC6H4-S-S-C  6H4N02 

(III) 

O2NC6H4-SO-SO-C6H4NO2 

(IV) 

XOCH3 

/ 

OH 

/ 

CClaCHif 

(Vj 

CClaCH^ 

(VI) 

SO-C6H4NO2 

S0-C6H4N02 

EXPERIMENTAL 

1 . 1 . 1- Trichloro-2-hydroxyethane- (p-nltrophenyl J  sulfide  (l;.  14.7  g  of 
chloral  (O.l  mol)  and  15*5  g  of  ^-iii'trophenylthiol  (O.l  molj  were  placed  in  a 
three-necked  flask  fitted  with  a  reflux  condenser,  a  thermometer,  and  an  inlet 
tube  for  anhydrous  hydrogen  chloride.  Anhydrous  hydrogen  chloride  was  passed 
through  the  mixture  for  2  hours,  the  temperature  of  the  mixture  being  maintained 
at  55-60°  by  heating  over  a  water  bath.  When  the  reaction  was  over,  the  mixture 
was  poured  into  cold  water  (150-200  ml),  in  which  it  turned  into  a  crystet-lline 
mass  within  a  short  time.  After  the  filtered-out  crystals  had  been  desiccated, 
they  weighed  19  e.  a  vield  of  63^.  They  were  purified  by  dissolving  them  in 
ether  at  room  temperature,  the  Insoluble  Impurities  being  filtered  out,  and  the 
ether  evaporated.  The  purified  product  had  a  m.p  of  64-66°. 

Found  S  10.11;  N  4.92;  Cl  35.55-  CsHeOaNSCla.  Calculated  S  10.57; 

N  4.62;  Cl  55.20. 

1.1.1- Trichloro-2-acetoxyethane-(p-nitrophenyl)  sulfide  (llj .  l4 . 7  g  ( 0 . 1 
mol)  of  chloral,  15-5  6  (^0.1  mol)  of  £-nitrophenylthiol,  and  30  ml  of  acetic 
anhydride  were  placed  in  a  three-necked  flask  fitted  with  a  reflux  condenser, 
a  thermometer,  and  a  gas-inlet  tube.  Anhydrous  hydrogen  chloride  was  passed 
thxu^  this  mixtuj"e  at  55-60*  for  2  hours,  after  which  the  mixture  was  poured  into 
200  ml  o:  cold  v/ater.  The  mass  crystallized  after  some  time  had  elapsed,  the 
crystals  being  filtered  out,  washed  with  water,  and  desiccated.  This  yielded 

26  g,  or  75^  of  the  theoretical.  Purification  with  ether  as  described  above 
yielded  a  product  with  a  m.p.  of  68-69°. 

Fo’ond  53  9-55;  N  4.25;  Cl  30.70.  C10H8O4NSCI3.  Calculated  -jt:  S  9.28 
N  4.07;  Cl  50.91. 

1 . 1. 1- TrichIoro-2-acetoxyethane- (p-nitrophenyl j  sulfoxide  (VJ.  3.5  g  (O.Ol 
molj  of  l,l,l-trichloro-2-acetoxyethane- (p-nitrophenyl)  sulfide,  25  ml  of  glacial 
acetic  acid,  and  5  ml  of  acetic  anhydride  were  placed  in  a  three-necked  flask 
fitted  with  a  stirrer,  a  thermometer,  and  a  dropping  funnel.  The  mixture  was 
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stirred  and  chilled  to  5-8* >  and  7  ml  of  29^  perhydrol  was  added  drop  by  drop 
at  that  temperature.  After  all  the  perhydrol  had  been  added,  the  mixture  was 
gradually  heated  to  50*  and  then  stirred  for  5  hours  at  this  temperature. 

Everything  dissolved  in  about  one  hour  after  the  start  of  heating,  after  which 
a  white  crystalline  precipitate  began  to  settle  out.  VThen  the  reaction  was  over, 
the  precipitate  was  filtered  out  and  washed  twice  on  the  filter  with  6-8  ml  of 
ether  each  time.  The  yield  of  the  sulfoxide  was  2.1  g  or  58^*  The  m.p.  of  119-120® 
did  not  change  after  crystallization  from  glacial  acetic  acid.  Found  S  6. JO;  N 
5-84.  •  Cl  29.00.  C10H8O5NSCI3.  Calculated  %:  S  Q.Qj;  N  5.88;  Cl  29. 5U. 

SUMMARY 

1.  Condensing  chloral  with  p-nitrophenylthiol  yielded  the  addition  product 
of  1  mol  of  chloral  plus  1  mol  of  the  thiol  (no  water  being  evolved).  When 

the  condensation  was  effected  in  acetic  anhydride,  the  condensation  was  accom¬ 
panied  by  acetylation  of  the  hydroxyl  group. 

2.  The  unacetylated  addition  product  of  the  thiol  and  chloral  is  unstable, 
breaking  down  when  attempts  are  made  to  acetylate  or  oxidize  it,  even  at  room 
temperature. 

3.  The  acetylated  condensation  product  is  somewhat  more  stable,  its  oxidation 
yielding  the  respective  sulfoxide.  Like  the  unacetylated  product,  however,  it 
breaks  down  when  heated  or  when  exposed  to  the  action  of  alkali  solutions. 
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THE  ADDITION  OF  ANILINE  AT  THE  DOUBLE  BOND  OF  OLEFINS  IN  THE 


roESENCE  OF  HETEROGENEOUS  CATALYSTS 


N.N. Vorozhtsov,  student,^)  and  I. I. Ioffe 

There  are  not  many  papers  in  the  literature  dealing  with  the  reactions  of 
aniline  with  olefins  above  heterogeneous  catalysts  .  Only  recently  did  K. Lavrovsky 
and  his  co-workers  publish  a  report  on  the  catalytic  alkylation  of  aniline  by  n- 
butene  [l].  This  problem  is  also  touched  upon  in  several  patents  [2], 

We  have  made  a  study  of  the  reaction  of  aniline  with  isopropylethylene  in 
the  gas  phase  above  a  kaolin  catalyst  activated  by  sulfuric  acid.  The  reaction 
was  carried  out  in  an  autoclave  at  a  temperature  of  260®,  the  pressure  being  30 
atmospheres,  the  catalyst  being  in  the  vapor  space. 

As  our  investigations  have  shown,  aniline,  in  contrast  to  ammonia,  is 
added  to  olefins  at  the  double  bond,  yielding  the  corresponding  alkylamine. 

This  is  largely  paralleled  by  the  alkylation  of  the  carbon  atom  in  the  ring  ad¬ 
jacent  to  the  amino  group.  When  no  catalyst  was  employed,  all  we  got  was  a 
negligible  quantity  of  £-isoamylaniline .  It  is  quite  possible  that  aniline  can 
be  added  to  olefins  without  any  catalyst,  but  the  per  cent  conversion  is  so  low 
that  we  have  been  unable  to  detect  the  resultant  N-alkylanilines . 

In  our  experiments,  the  reaction  of  isopropylethylene  with  aniline  in  the 
presence  of  activated  kaolin  yielded  tertiary  £-amylaniline  and  a  mixture  of 
secondary  N-alkylamines .  The  latter  included,  we  found,2-methyl-3-phenylamino- 
butane  and  apparently  2-methyl-2-phenylaminobutane . 


H — CH=CH2  + 


CH3— CH— CH— CHa 

I  I 

CH3  NH 


o 

■-f-" 


In  addition,  the  reaction  mass  yielded  various  quantities  of  diphenylamine 
after  every  test,  which  was  highly  contaminated  with  substances  of  unknown  com¬ 
position  . 


The  formation  of  tertiary  ^-amylaniline  and  2-methyl-2-phenylaminobutane 
when  isopropylethylene  is  reacted  with  aniline  is  due  either  to  the  isomerization 
of  the  alkyl  anilines  produced  by  the  addition  of  aniline  to  isopropylethylene  or 
by  the  prior  isomerization  of  the  isopropylethylene  to  trimethylethylene,  the 
latter  explanation  being  more  likely. 

Deceased. 
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As  for  the  yields  of  the  N-alkylanilines,  they  were  low  in  our  experiments, 
amounting  to  no  more  than  2^,  based  on  the  contaminated  aniline.  At  the  same 
tine  as  much  as  1^-5^  of  £-amylaniline  was  formed. 

EXPERIMENTAL 

20  g  (0.5  mol)  of  isopropylethylene  and  55  6  (0.59  mol)  of  aniline  were 
heated  together  for  13. 5  hours  in  an  autoclave  to  a  temperature  of  250-260°  and 
at  a  pressure  of  29-25  atm,  activated  kaolin  being  employed  as  the  catalyst. 

The  catalyst  was  placed  in  the  autoclave  in  such  a  way  as  to  be  in  the  gas  phase 
of  the  reaction  mixture. 

After  the  reaction  mass  had  cooled  down,  it  was  taken  from  the 'autoclave 
and  acidified  dilute  hydrochloric  acid  until  its  reaction  with  Congo  red 
was  clearly  acid,  and  the  catalyst  was  filtered  out.  After  filtration  the 
catalyst  was  transferred  to  a  distilling  flask  containing  alkali,  and  the  amines 
absorbed  to  it  were  driven  off  with  steam. 

The  slight  amount  of  polymer  hydrocarbons  was  eliminated  from  the  acid  fil¬ 
trate,  which  was  then  alkalinized,  the  amines  that  separated  out  being  combined 
with  the  amines  in  the  distillate.  The  amine  mixture  was  then  desiccated  with 
calcined  potash,  and  the  bulk  of  the  aniline  was  driven  off  by  distillation. 

The  £-amylaniline  was  recovered  as  an  insoluble  sulfate  (8.8  g)  and  identified 
as  its  acetyl  derivative.  The  m.p.  of  137“  and  the  elementary  analysis  (75*89^ 

C,  9*30^  H,  and  7-03^  N)  of  the  acetyl  derivative  corresponded  to  the  figures 
for  tertiary  p-amylanlline  [3]. 

The  mixture  of  secondary  amines  (0.82  g)  was  freed  of  its  residual  aniline 
by  zinc  chloride,  after  which  it  was  treated  with  ^-toluene  sulfochlor ide  dls- 
solvedin  pyridine.  The  resultant  sulfamide  had  a  m.p.  of  83“  after  recrystall¬ 
ization,  which  is  the  melting  point  of  2-methyl-3-phenyl-£-toluenesulfaminobutane 
[^].  A  small  percentage  of  the  secondary  amines  did  not  react  with  the  sulfc - 
chkride.  Upon  nitrosation  they  yielded  a  compound  that  exhibited  the  qualitative 
reaction  for  N-nitrosamines,  which  we  were  unable  to  identify.  The  formation  of 
N-nitrosamines  leads  us  to  assume  that  the  mixture  of  secondary  amines  contained 
2-methyl -2 -phenylaminobutane . 

The  catalyst  was  prepared  as  follows;  200  g  of  sifted  kaolin  was  boiled 
for  12  hours  in  I5OO  ml  of  25^  sulfuric  acid.  After  this  boiling,  the  catalyst 
was  washed  free  of  the  acid  by  decantation  until  its  reaction  was  neutral, 
desiccated,  and  pressed  into  tablets. 
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OXIDATIVE  AND  OX I DATIVE -HYDROLYTIC  TRANSQRMATIONS  OF  (»GANIC  MOLECULES 


XVIII.  SYNTHESIS  AND  PROPERTIES  OF  SOME  QUINONE  OXIDES 


L. A. Shchukina,  E.I.  Vinogradova,  and  M.M.Shemyakin 

As  we  know,  quinones  are  formed  in  one  of  the  initial  stages  of  the 
oxidation  of  the  ring  groupings  of  aromatic  compounds.  Further  oxidation  of 
the  quinones  usually  results,  first,  in  the  addition  of  an  oxygen  atom  at  the 
double  bond  of  the  quinone  ring,  yielding  the  respective  oxides.  The  conditions 
governing  the  formation  of  quinone  oxides,  and  their  behavior  toward  oxidative 
and  hydrolytic  agents,  were  the  subject  of  several  of  our  previous  reports  on 
the  oxidative-hydrolytic  transformations  of  carbocycllc  compounds  [1-6]. 

The  present  report  likewise  deals  with  the  problem  of  oxidizing  quinones  to  the 
corresponding  oxides,  one  of  our  basic  objectives  having  been  determining  the 
feasibility  of  synthesizing  quinone  oxides  of  various  types. 

The  oxides  may  be  formed  as  intermediate  or  end  products  of  the  oxidation 
of  quinones  by  all  sorts  of  oxidants.  It  has  been  shown,  for  example,  that 
oxides  are  formed  as  intermediate  compounds  in  the  reaction  of  p-benzoquinone 
with  hydrogen  peroxide  in  the  presence  of  an  alkali  [7];  in  the  reaction  of  alka¬ 
line  solutions  of  permanganate  or  of  hydrogen  peroxide  with  2-alkyl-substltuted 
3-hydroxy-l,  4 -naphthoquinones  [3^4],  and  apparently  in  the  oxidation  of  boiling 
aqueous  alkaline  solutions  of  substituted  3-hydroxy-l,  4-naphthoquinones  that 
contain  chlorine,  an  amino  group,  or  a  pyridinium  residue  at  the  2  atom  by  at¬ 
mospheric  oxygen[6].  As  for  the  recovery  of  the  oxides  in  the  individual  state, 
they  have  been  secured  up  to  now  only  from  a  limited  group  of  quinones,  viz: 

1,4 -naphthoquinone  (by  the  action  of  salts  of  hypochlorous  acid  [8]  or  of  hy¬ 
drogen  peroxide  in  the  presence  of  soda  [7],  and  substituted  p-naphthoquinones  that 
contain  alkyl,  alkenyl,  aralkyl,  or  cyclohexyl  radicals  at  the  2  or  2  and  3  posi¬ 
tions  (by  the  action  of  hydrogen  peroxide  in  an  aqueous  solution  of  an  alkali,  or 
better  yet,  of  soda  [9].  Oxides  of  the  naphthoquinones  containing  other  radicals 
or  substituents  than  those  enumerated  above  attached  to  the  quinone  ring  have  not 
been  described  prior  to  this,  as  far  as  we  know.  Nor  have  any  oxides  of  benzene 
quinones  been  known. 

In  the  course  of  our  research  the  problem  arose  of  finding  ways  of  synthe¬ 
sizing  the  oxides  of  various  quinones  that  we  needed  in  our  investigation  of  the 
hydrolytic  transf ormat icns  of  carbocycllc  compounds  in  various  stages  of  oxidation. 

We  found  that  the  benzene  and  naphthalene  quinones  do  not  react  with  benzoyl 
hydrogen  peroxide  (Prilezhaev  reaction),  and  that  this  reagent,  which  is  employ¬ 
ed  fairly  extensively  in  the  synthesis  of  other  types  of  oxides,  could  not  be 
used  for  these  compounds.  The  method  of  preparing  oxides  that  involved  the  action 
of  hydrogen  peroxide  upon  the  quinones  in  an  aqueous  soda  solution  proved  to  be 
more  effective,  though  the  field  in  which  this  method  can  be  employed  is  likewise 
rather  limited.  We  showed,  for  instance,  that,  in  addition  to  the  types  of 
quinone  oxides  specified  above,  this  method  could  be  utilized  to  secure  2-phenyl- 
1,4 -naphthoquinone  oxide  (l)  and  potassium  2-methyl-l,4-naphthoquinone-3-sulfonat e 
(ll>,  but  not  the  oxides  of  2-methyl-3-chloro-  and  2-phenylamino-3-chloro-l,  4- 
naphthoquinone .  Among  the  benzene  quinones,  the  only  oxide  we  were  able  to  syn¬ 
thesize  was  2-phenyl-l,  4-benzoquinone  oxide  (lll;,^  and  then  only  after  sub¬ 
stituting  sodium  bicarbonate  for  the  soda.  With  1, 4-benzoquinone  and  2-methyl-l, 

It  should  be  noted  that  the  location  of  the  oxidic  oxygen  in  the  molecule  of 
this  compound  has  not  been  rigorously  determined. 


1823 


U-benzoquinone  the  reaction  yielded  merely  the  corresponding  hydroquinones,  while 
2,5-diphenyl-l,i4-benzoquinone  did  not  react  at  all  with  a  solution  of  hydrogen 
peroxide  containing  soda: 


(I)  (II)  (III) 

The  synthesized  oxides  are  white  crystalline  substances  that  dissolve 
fairly  rapidly  in  aqueous  sodium  hydroxide,  turning  the  solution  red,  though 
they  are  unaffected  by  aqueous  solutions  of  soda  or  sodium  bicarbonate,  with  the 
sole  exception  of  the  oxide  of  2-phenyl-l,4-benzoquinone  (ill),  which  undergoes 
a  change  when  reacted  with  a  soda  solution. 

In  one  of  our  previous  reports  [2]  we  noted  that  the  oxidic  oxygen  in  the 
molecule  of  2-methyl -1,4 -naphthoquinone  oxide  (IV)  possesses  oxidizing  properties; 
this  oxide  can,  for  example  quantitatively  oxidize  monovalent  negative  iodine  to 
free  iodine  or  divalent  iron  to  the  trivalent.  We  were  interested  in  finding  out 
whether  this  is  a  characteristic  feature  of  the  other  quinone  oxides  as  well. 

In  a  study  of  the  reactions  of  various  oxides  with  potassium  iodide,  we  found 
that  all  of  them  can  oxidize  monovalent  negative  iodine  to  free  iodine  under 
certain  conditions,  so  that  the  ability  to  oxidize  is  a  general  property  of 
quinone  oxides.  In  contrast  to  the  oxide  of  2-methyl-l,  4 -naphthoquinone  (IV), 
in  which  this  reaction  is  quantitative  (being  accompanied  by  the  reduction  of 
the  oxide  to  the  respective  quinone  [2]),  most  of  the  other  oxides  we  investigated 
possessed  a  much  lower  oxidizing  ability,  to  be  sure,  it  being  found  that  other 
changes  occ’arred  alongside  the  reduction  of  the  original  oxides,  such  as  hydration 
to  the  respective  glycols,  which  were  then  dehydrated  to  monohydroxyquinones . 

Thus,  when  2-phenyl-l,  4 -naphthoquinone  oxide  (l)  was  reacted  with  potassium 
iodide,  the  latter  was  oxidized  to  free  iodine,  only  80^  of  the  oxide  being 
reduced  to  2-phenyl-l,  4-naphthoquinone,  some  15^  of  the  oxide  being  converted 
(via  the  respective  glycol)  into  2-phenyl-5-hydroxy-l,  4 -naphthoquinone .  A 
similar  phenomenon  is  observed  to  occur  with  the  oxide  of  1,  4-naphthoquinone 
(V),  but  in  this  case  the  oxidative-reducing  tran^ormat ions  account  for  only  20^, 
the  yield  of  the  2-hydroxy-l,  4 -naphthoquinone  totaling  75^-  The  oxide  of 
potass i'jE  2-methyl-l,  4-naphthoquinone-3-sulfonate  (ll)  undergoes  even  more 
complex  changes.  When  the  latter  is  boiled  in  acetic  acid  solution  with  potassium 
ioaide,  the  iodine  that  is  formed  does  not  exceed  20-2^'jo,  so  that  the  original 
oxide  not  only  oxidizes  the  potassium  iodide,  but  also  reacts  with  the  resulting 
iodine,  being  converted  into  2-methyl-5-hydroxy-l,  4- naphthoquinone .  As  for  2- 
phenyl-1.  4-benzoquinone  oxide  (ill),  it  can  oxidize  potassium  iodide  quantitatively 
to  free  iodine  at  room  temperature  (in  alcoholic  solution  containing  hydrochloric 
acid; . 

A'  a  rule,  we  were  unable  to  isolate  the  glycols  formed  as  intermediate 
proa  -c':s  u’uring  the  conversion  of  the  oxides  of  ^-naphthoquinones  into  monohydr- 
oxyTiapnthoquinones  (vide  supra,  as  well  as  [1,  2,  5])  the  pure  state,  as  they 
exhibit  a  very  high  tendency  to  dehydration.  Still,  the  glycols  may  sometimes  be 
recovered  as  the  corresponding  azine  derivatives  [2,  10 J  in  the  hydration  of  the 
original  oxides  with  an  aqueous  solution  of  o-phenylenediamine  present.  We  have 
now  discoverf'd  the  possibility  of  securing  still  another  type  of  derivatives  of 
these  gly-ols,  viz . :  th^ir  esters,  which  are  readily  formed  when  quinone  oxides 
ar«  reac^-  i  with  ac^^tic  anhydride  in  the  presence  of  sulfuric  acid.  In  the  oxides 
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of  1,  4-naphthoquinone  (v)  and  2-methyl-l,  4 -naphthoquinone  (iv),  this  reaction 
takes  place  at  room  temperature,  resulting  in  the  formation  of  dlacetyl 
derivatives  of  the  respective  glycols  (Vl)  and  (VIl),  which  are  fairly  stable 
white  crystalline  substances,  which  are  readily  changed,  to  be  sure,  in  the 
presence  of  alkali  solutions  (vide  infra). 


The  reaction  of  the  oxide  of  2-phenyl-l,  4-benzoquinone  (ill)  with  acetic 
ani-ydride  is  somewhat  different.  Here  the  process  does  not  come  to  a  stop  at 
the  stage  in  which  the  diacetyl  derivative  (VIIl)  is  formed,  but  goes  further, 
finally  resulting  in  the  tetra -acetyl  derivative  (IX).  The  way  in  which  the 
latter  compound  is  formed  may  be  pictured  as  follows: 


In  conclusion,  we  should  like  to  point  out  that  the  properties  of  the  esters 
of  the  glycols  (VI)  and  (VII)  we  have  synthesized  leave  no  doubt  as  to  their 
structure.  V/hen  the  first  of  these  compounds,  (VIJ,  is  heated  with  acetic 
anhydride  and  sodium  acetate,  it  splits  off  acetic  acid  and  is  converted  into 
2-ace'*^oxy-l,  4 -naphthoquinone,  while  it  is  rapidly  saponified  and  oxidized  in  an 
aqueous-alcoholic  solution  of  alkali  with  atmospheric  oxygen  present,  yielding 
2,  ^-dihydroxy-1,  4-naphthoquinone,  as  with  the  oxide  (V)  (cf  [5])-  As  for 
Compound  (VII),  it  is  very  easily  saponified  and  dehydrated  in  an  aqueous -alcoholic 
alkali  solution,  being  converted,  like  the  oxide  (iVj,  into  2-methyl-3-hydroxy-l, 
^-naphthoquinone  (cf  [1]). 
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EXPERIMENTAL^ 

1.  Synthesis  and  properties  of  the  oxide  of  2-phenyl-l,  4-naphthoqulnone  (l>. 

5  g  of  2-phenyl-l,  U -naphthoquinone  (m.p.  109”  [llj)  was  heated  in  125  ml  of 
methanol  until  it  dissolved  and  then  cooled  to  20®,  after  which  20  ml  of  30^ 
hydrogen  peroxide  was  added  and  the  mixture  was  vigorously  stirred  while  30  ml 

of  10^  aqueous  soda  solution  was  slowly  added;  the  reaction  mass  warmed  up 
slightly  and  the  precipitate  dissolved.  The  reaction  solution  became  colorless 
as  the  last  drops  of  the  soda  solution  were  added.  It  was  chilled  and  poured 
into  Loo  ml  of  water,  the  resultant  oxide  being  extracted  with  ether.  The  ether 
solution  was  desiccated  with  calcium  chloride,  and  the  ether  was  driven  off, 
leaving  behind  a  light-yellow  oil  that  soon  crystallized.  This  yielded  L.O  g 
(75^)  of  "the  oxide  of  2-phenyl-l,  L -naphthoquinone .  The  substance  is  freely 
soluble  in  most  organic  solvents.  Recrystailization  from  methanol  yielded  white 
crystals  with  a  m.p.  of  63*. 

Found  C  76.59;  H  3.75.  C16H10O3.  Calculated  C  76. 8O;  H  L.OO. 

Investigation  of  the  oxidizing  ability  of  the  oxide.  A  sample  of  the  oxide 
(about  0.2  gj  was  dissolved  in  L5  ml  of  glacial  acetic  acid,  and  O.5  g  of  potassium 
iodide  was  added.  The  solution  turned  brown  at  once;  it  was  tiled  for  L5  minutes 
and  then  cooled,  after  which  it  was  diluted  with  I50  ml  of  water,  and  the 
resultant  iodine  was  back-titrated  with  O.IN  hyposulfate  solution,  jQ.S'fo  of 
iodine  being  found.  After  titration,  the  solution  was  extracted  with  ether, 
the  ether  solution  was  extracted  repeatedly  with  soda  and  desiccated  with 
sodium  sulfate,  and  the  ether  was  driven  off.  This  left  2-phenyl-l,  L- 
naphthoquinone  (m.p.  109°  from  alcohol).  The  yield  was  79.5^.  The  soda  solution 
was  acidulated  with  sulfuric  acid  and  then  the  2-phenyl-3-hydroxy-l,  4- 
naphthoquinone  (m.p.  146°  [12])  was  extracted  with  ether.  The  yield  was  15.7^. 

2.  Synthesis  and  properties  of  the  oxide  of  potassium  2-methyl-l,  4- 
naphoquinone-3-sulfonate  (IljT  20  ml  of  water  and  20  ml  of  30^  hydrogen 
peroxide  were  added  to  10  g  of  potassium  2-methyl-l,  4-naphthoquinone-3-sulfonate . 
Then  17  ml  of  30^  aqueous  potassium  carbonate  was  gradually  added  with  vigorous 
stirring,  the  reaction  mass  wairming  up  slightly  and  the  precipitate  dissolving. 

The  solution,  which  was  nearly  colorless,  was  rapidly  chilled  to  10°,  and  the 
precipitate  thrown  down  was  filtered  out  and  washed,  at  first  with  a  small 
amount  of  cold  water,  and  then  twice  with  acetone.  The  resultant  oxide  was 
dissolved  in  10  ml  of  water  previously  heated  to  boiling,  and  then  rapidly 
chilled  to  10*.  The  white  crystalline  precipitate  thrown  down  was  filtered  out 
and  washed  with  acetone.  Weight  5.2  g;  yield  49^. 

Fo’und  C  42. 8I;  H  2.3O;  K  12.84.  CuHrOeSK.  Calculated  C  43.13; 

H  2.28;  K  12.74. 

Investigation  of  the  oxidizing  ability  of  the  oxide.  The  reaction  was 
carried  out  as  described  for  Experiment  1.  Percentage  of  iodine  found:  22^  and 
25^.  After  titration  was  completed,  the  solution  was  extracted  with  ether,  and  the 
ether  extract  was  in  turn  extracted  repeatedly  with  a  soda  solution.  The  soda 
solution  was  acidified  with  sulfuric  acid  and  extracted  with  ether,  the  extract 
being  desiccated  with  sodium  sulfate,  and  the  ether  then  driven  off.  The  residue 
consisted  of  2-methyl-5-hydroxy-l,  4 -naphthoquinone  (m.p.  172°  [l4];  from 
methanol) . 

A  more  detailed  study  of  this  reaction  disclosed  that  the  oxide  of  potassium 

)  The  aTialytical  section  of  these  investigations  was  done  with  the  assistance 
of  E.  A.  ignatyeva,  to  whom  we  are  deeply  grateful. 
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2-methyl-l,  i4^-naphthoquinone-3-sulfonate  not  only  could  oxidize  potassium 
iodide,  but  also  could  react  with  the  iodine  produced.  For  when  this  oxide 
was  boiled  for  U5  minutes  with  a  O.IN  solution  of  iodine  in  glacial  acetic 
acid,  it  reduced  the  iodine  and  was  quantitatively  converted  into  2-metl^l- 
5-hydroxy-l,  4 -naphthoquinone,  which  can  be  recovered  from  the  solution  by  the 
method  described  above 

3.  Synthesis  and  properties  of  the  oxide  of  2-phenyl-l,  4-benzoquinone  (ill). 

1  g  of  2-phenyl-l,  4-benzoquinone  (m.p.  Il4°  [ I5 ] )  was  heated  in  6  ml  of  ethyl 
alcohol  until  it  dissolved,  after  which  the  solution  was  cooled,  and  the 
resultant  quinone  precipitate  was  thoroughly  triturated  while  still  in  the 
solution.  Without  interrupting  the  trituration  of  the  reaction  mixture,  we  then 
added  3  ml  of  '^0^  hydrogen  peroxide  and  a  solution  of  0.4  g  of  sodium 
bicarbonate  in  5  ml  of  water.  The  reaction  solution  turned  dark  red,  while 

the  precipitate  gradually  became  lighter.  The  temperature  of  the  reaction  mass 
rose  to  38-40®  within  5-7  minutes.  Then  the  mixture  was  chilled  with  ice,  and 
the  precipitate  was  filtered  out  and  thoroughly  washed  with  water  until  the 
reaction  of  the  wash  water  was  neutral.  The  precipitate  (weighing  0.45  g  )  was 
dissolved  by  heating  it  in  25  ml  of  heptane,  the  solution  being  boiled  with 
activated  charcoal,  filtered,  and  reduced  to  a  volume  of  7-9  ml.  0.2  g  of 
yellow  crystals  with  a  m.p.  of  105-111°  was  thrown  down;  these  crystals  were 
repeatedly  recrystallized  from  a  small  amount  of  benzene.  The  resultant  oxide 
was  a  v.’hite  crystalline  substance  with  a  m.p.  of  121.5-122.5’’.  Before  being 
analyzed  it  was  dried  in  vacuum  at  100°.  The  substance  is  freely  soluble  in  the 
usual  organic  solvents,  with  the  exception  of  heptane,  in  which  it  is  much  less 
soluble. 

Found  C  71-96;  H  4.17.  C12H8O3.  Calculated  C  72.00;  H  4.00. 

Investigation  of  the  oxidizing  ability  of  the  oxide.  A  sample  of  the  oxide 
(about  0  2  gj  was  dissolved  in  20  ml  of  alcohol,  and  20  ml  of  concentrated 
hydrochloric  acid  and  1  g  of  potassium  iodide  were  added.  Two  hours  later  100 
ml  of  water  was  poured  in,  and  the  resulting  iodine  was  back-titrated  with  a  0.1 
hyposulfite  solution.  The  iodine  was  produced  quantitatively. 

Acetylation  of  the  oxide.  0.25  g  of  the  oxide  was  dissolved  in  5  ml  of  acetic 
anhydride  and  the  solution  was  chilled,  while  O.5  ml  of  concentrated  H2SO4  was 
added.  The  reaction  mixture  turned  yellow.  Two  hours  later  it  was  poured  into 
100  ml  of  water  and  stirred  until  all  the  acetic  anhydride  had  decomposed;  a 
white  precipitate  of  the  tetra-acetate  (IX)  was  thrown  down  and  filtered  out. 

Weight  0.42  g;  yield  87^.  Recrystallization  from  alcohol  yielded  white  needles 
with  a  m.p.  of  175-176°.  The  substance  was  dried  in  vacuum  at  100-110°  before 
being  analyzed. 

Found  C  62.28;  H  4.79  C2oHia08.  Calculated  C  62.17;  H  4.63. 

Th-:  number  of  acetyl  groups  was  determined  by  dissolving  a  sample  of  the 
substance  in  a  water-dioxane  mixture  and  boiling  the  solution  for  3  hours  with 
co.ncentrated  phosphoric  acid,  after  which  the  resulting  acetic  acid  was  driven 
off  with  steam  and  determined  by  titration  with  an  alkali  solution.  This 
indicated  that  the  number  of  acetyl  groups  was  3-9. 

4.  Properties  of  the  oxide  of  1,  4-naphthoquinone  yVj.  Acetylatlng  the 
oxide  O.c  g  of  the  oxide  was  dissolved  in  a  mixture  of  I5  ml  of  acetic 
anhydride  and  I.5  ml  of  concentrated  sulfuric  acid.  Within  3-5  minutes  elongated 
white  needles  began  to  settle  out  of  the  solution,  the  reaction  mass  soon 

solid i‘*.'ying  into  a  thick  mass.  The  precipitated  diacetate  (VI)  was  filtered 
out  and  washed  with  ether,  with  a  small  amount  of  alcohol,  and,  lastly,  with 
water.  The  filtrate  was  poured  into  100  ml  of  water  and  stirred  until  all  the 
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acetic  anhydride  had  decomposed,  a  slight  additional  amount  of  the  diacetate 
settling  out.  The  resultant  precipitates  were  combined  and  recrystallized  from 
alcohol.  The  substance  crystallized  as  white  needles  with  a  m.p.  of  193-19^* • 
Weight  0.7  g;  yield  75^-  It  was  dried  in  vacuum  at  120°  before  being 
analyzed. 

Found  C  60.69;  H  4.53.  M  276  (in  nitrobenzene).  Ci4Hi206- 

Calculated  C  60.87;  H  4.53.  M  276. 

Properties  of  the  diacetate  (VI;.  a)  0.3  g  of  the  diacetate  synthesized 
above,  O.3  g  of  anhydrous  sodium  acetate,  and  7-5  nil  of  acetic  anhydride  were 
heated  to  100°  for  1  hour.  Then  the  reaction  mass  was  cooled  and  poured  into 

100  ml  of  water,  the  whole  being  stirred  until  all  the  acetic  anhydride  decomposed. 

The  light-yellow  precipitate  that  was  thrown  down  was  filtered  out.  Weight 
0.2  g;  m.p.  128-129°  (from  alcohol).  The  substance  fused  at  the  same 
temperature  when  mixed  with  2-acetoxy-l,  4 -naphthoquinone  [I6]. 

b)  0.7  g  of  the  diacetate  was  dissolved  in  I5  ml  of  a  10^  alcoholic 
solution  of  potassium  hydroxide,  and  a  strong  current  of  air  was  passed  through 
the  resultant  blue  solution  for  5  minutes,  after  which  the  reaction  mass  was 
poured  into  I50  ml  of  water  and  acidified  with  sulfuric  acid.  The  resultant 
precipitate  was  repeatedly  extracted,  together  with  the  solution,  with  ether. 
Driving  off  the  ether  yielded  a  brick-red  precipitate  of  2,  3-dihydroxy-l, 
4-naphthoquinone  (isonaphthazarine) .  Weight  0.45  g  (93^).  M.p.  280-281* 

(from  acetic  acid) . 

Investigation  of  the  oxidizing  ability  of  the  oxide,  a)  The  reaction  was 
carried  out  as  described  under  Experiment  1.  Per  cent  of  iodine  found:  53^* 

b)  A  sample  of  the  oxide  of  1,  4 -naphthoquinone  [7]  (about  0.2  g)  was 
dissolved  in  I5  ml  of  alcohol,  and  10  ml  of  concentrated  hydrochloric  acid 
and  0.5  g  of  potassium  iodide  were  added,  the  solution  immediately  turning 
red-brown.  The  reaction  mixture  wsa  heated  to  70“  for  I5  minutes,  cooled, 
and  150  ml  of  water  was  added.  The  resulting  iodine  was  back-titrated  with  a 
O.IN  hyposulfite  solution.  Per  cent  of  iodine  found:  22.5^.  After  titration, 
the  solution  was  extracted  with  ether,  and  the  ether  extract  was  in  turn 
repeatedly  extracted  with  a  soda  solution  and  desiccated  with  calcium  chloride, 
after  which  the  ether  was  driven  off.  This  left  1,  4-naphthoquinone  with  a  m.p. 
of  126-127°  (from  alcohol).  Yield:  20^.  After  the  soda  solution  had  been 
acidified  with  sulfuric  acid,  the  2-hydroxy-l,  4-naphthoquinone  (m.p.  190-191°) 
was  extracted  with  ether.  Yield:  75^* 

5.  Properties  of  the  oxide  of  2-methyl-l,  4 -naphthoquinone  (iVj.  Acetylatlng 
the  oxide .  1  g  of  the  oxide  was  dissolved  in  5  ml  of  acetic  anhydride,  and  O.5 

ml  of  concentrated  sulfuric  acid  was  added  while  the  solution  was  water-cooled. 

The  solution  turned  yellow.  Two  days  later  the  reaction  mass  was  poured  into 
150  ml  Df  water  and  the  mixture  stirred  until  all  the  acetic  anhydride  had 
dissolved,  after  which  the  white  precipitate  of  the  diacetate  (VIIJ  was 
filtered  out  and  twice  recrystallized  from  alcohol.  Weight  1.25  g  (8l^J;  m.p. 
122-125  .  The  substance  crystallized  from  alcohol  as  white  needles. 

Found  C  61.9I;  H  4.92;  M  290,301.  (in  nitrobenzene  and  in  dioxane). 
C15H14O6.  Calculated  C  62.07;  H  4.83.  M  290. 

Properties  of  the  diacetate  (VII;.  1  g  of  the  substance  synthesized  above 
was  dissolved  by  heating  it  in  10  ml  of  alcohol,  and  after  the  solution  had 
cooled,  i  ml  of  a  3')t  aqueous  solution  of  sodium  hydroxide  was  added.  The 
reaction  mixture  instantly  turned  dark  red.  One  to  two  minutes  later  100  ml  of 
water  was  poured  into  the  solution,  which  was  then  acidulated  with  sulfuric 
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acid.  The  yellow  precipitate  that  was  thrown  down  was  not  filtered  out,  but  the 
whole  was  extracted  with  ether,  the  ether  solution  yielding  O.58  g  of  2-methyl- 
3-hydroxy-l,  4 -naphthoquinone,  with  a  m.p.  of  172°.  Yield:  90^- 

SUMMARY 

Several  quinone  oxides  have  been  synthesized  and  some  of  their  properties 
studied:  the  oxidizing  ability  of  the  oxides,  and  the  possibility  of  converting 
them  into  esters  of  the  respective  glycols. 
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OXIDATIVE  AND  OX I DATIVE -HYDROLYTIC  TRANSFORMATIONS  OF  ORGANIC  MOLEDULES 

XIX.  THE  RELATIONSHIP  BETWEEN  THE  DEGREE  OF  OXIDATION  OF  CARBOCYCLIC  COMPOUNDS 
AND  THE  ABILITY  OF  THEIR  RINGS  TO  BE  CLEAVED  HYDROLYTICALLY 

M.  M.  Shemyakin,  L.  A.  Shchukina,  Yu.  B.  Shvetsov,  D.  P.  Vitkovsky,  and 

A.  S.  Khokhlov 


In  recent  years  we  have  undertaken  a  systematic  investigation  of  the 
reactions  that  take  place  when  oxidizing  and  hydrolyzing  agents  act  upon 
organic  substances,  either  simultaneously  or  consecutively.  These  reactions, 
which  often  result  in  the  cleavage  of  the  carbon  bonds  in  the  original  or 
intermediate  molecules  during  certain  stages,  are  of  interest  inasmuch  as 
their  study  has  made  possible  an  approach  from  a  new  angle  to  the  essential 
nature  of  one  of  the  major  types  of  oxidative  transformations  of  orgetnic 
substances:  namely,  their  oxidative  cleavage. 

There  is  no  doubt  that  all  biochemical  oxidation  reactions,  we  well  as  the 
overwhelming  majority  of  chemical  oxidations,  occur  under  conditions  that  do 
not  exclude  the  possibility  of  hydrolytic  cleavage  of  the  carbon  bonds.  But 
up  to  recently  the  processes  involved  in  the  oxidative  cleavage  of  organic 
molecules  have  usually  been  regarded  as  the  result  of  the  action  of  the 
oxidants  alone.  Insufficient  attention  being  paid  to  the  part  played  by  the 
reaction  medium.  The  onesidedness  of  this  approach  compelled  us  to  make  a 
special  study  of  the  problen^  we  began  our  Investigations  with  the  quinones, 
later  extending  them  to  other  types  of  carbocycllc  and,  partly,  to  acyclic 
compounds  (cf  [l-l8]). 

A  comparison  of  the  results  of  these  researches  with  the  earlier  data  led 
us  to  conclude,  from  the  very  start  [1],  that  the  oxidative  cleavage  of 
carbon  bonds  in  the  presence  of  hydrolytic  agents  must  be  regarded  as  oxidative- 
hydrolytic  rather  than  as  purely  oxidative.  In  fact,  we  found  that  the  action 
of  oxidants  upon  the  original  compounds  under  conditions  that  excluded  any 
hydrolysis  of  the  carbon  bonds  or  did  not  promote  this  hydrolysis  sufficiently, 
most  often  results  merely  in  the  entrance  of  oxygen-containing  substituents 
into  the  molecule,  without  involving  cleavage  of  the  carbon  bonds. ^  The  result 
of  oxidative  processes  of  this  sort  in  molecules  that  still  retained  their 
original  carbon  skeleton,  however,  was  an  accumulation  of  oxygen-containing 
groups,  which,  at  certain  stages  of  oxidation,  provided  the  structural 
prereq  .isites  for  a  purely  hydrolytic  cleavage  of  the  carbon  bonds.  Thus  the 
oxidizing  agents  in  many  instances  are  unable  to  cleave  the  carbon  bonds,  but 
th'ry  predetermine  the  subsequent  cleavage  of  these  bonds  by  hydrolytic  agents, 
so  tnat  transformations  of  this  sort  must  be  regarded  as  oxidative-hydrolytic. 

For  a  correct  understanding  of  the  oxidative -hydrolytic  transformations 
of  organic  compounds  it  is  of  basic  importance  to  know  the  following: 

An  exception  is  represented  by  the  oxidation  reactions  that  result  in  the 
formation  of:  1)  compounds  that  are  thermally  unstable  at  the  given  temperature; 
and  2}  peroxide  compounds  (that  may  have  the  structure,  possibly,  of  biradicals), 
whose  fiirther  decomposition  apparently  involves  the  formation  of  free  radicals 
as  intermediate  products. 
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1)  Why  can  preliminary  oxidation  of  molecules  affect  the  subsequent 
cleavage  of  their  carbon  bonds  ? 

2)  What  is  the  relationship  between  the  degree  of  oxidation  of  molecules 
and  the  ability  of  their  carbon  bonds  to  undergo  hydrolytic  cleavage? 

The  answers  to  these  questions  have  been  the  major  objective  of  our 
researches  in  this  field  during  the  past  few  years,  carried  on  chiefly  with 
carbocyclic  compounds. 

Inasmuch  as  the  oxidative-hydrolytic  cleavage  of  the  carbon  bonds  is  the 
result  of  the  simultaneous  or  consecutive  action  of  oxidizing  and  hydrolyzing 
agents  upon  organic  molecules,  study  of  such  reactions  is  usually  feasible 
only  when  the  action  of  each  of  these  two  factors  can  be  investigated 
separately.  For  that  reason  the  following  methods  of  attack  proved  to  be 
highly  advantageous  in  shedding  light  upon  the  individual  stages  of 
oxidative-hydrolytic  transformations  and  upon  the  nature  of  the  phenomenon  as 
a  whole: 


1)  Step-by-step  oxidation  of  the  original  substances  with  no  hydrolyzing 
agents  present. 

2)  Investigating  the  processes  involved  in  the  hydrolytic  cleavage  of 
carbon  bonds  in  representative  compounds  of  each  stage  of  oxidation  of  the 
original  compound  when  no  oxidants  (especially  atmospheric  oxygen)  are 
present . 

3)  Cleaving  the  molecules  hydrolytically  in  dilute  aqueous  solutions  at 
constant  values  of  the  medium  pH,  which  are  as  close  to  7  as  possible.^ 


These  research  procedures,  as  well  as  the  methods  we  have  devebped  for 
Isolating  and  separating  the  resultant  substances  [1-8]  made  it  possible  to 
ascertain  the  nature  and  the  mechanism  of  the  hydrolytic  cleavage  of  carbon 
bonds  in  various  types  of  carbocyclic  compounds  that  had  previously  been 
oxidized.  We  found  [1]  that  reactions  of  this  sort  may  occur,  in  principle, 
with  all  compounds  that  already  contain  or  may  acquire  an  atom  grouping  of 
Type  (l);  ^  while,  as  for  the  cleavage  process  itself,  its  mechanism  may  be 
depicted  as  follows  for  the  general  case: 


I  I 

C  +  HC  — 


At  the  same  time  we  demonstrated  that,  in  accordance  with  the  rules  that 
had  been  previously  derived  by  one  of  the  present  authors  (M.  M.  Shemyakin 
[19])  for  the  reactions  involved  in  the  hydrolytic  cleavage  of  carbon  bonds  in 
general,  the  occurrence  of  these  transformations  in  carbocyclic  compounds 
depends  both  upon  the  external  conditions  (pH  of  the  medium  and  temperature) 
under  which  the  reactions  are  carried  out  and  upon  the  structure  of  the 
compounds  exposed  to  the  action  of  the  hydrolytic  agents,  the  carbon  bonds  of 

^)  This  grouping  is  often  formed,  for  example,  as  the  result  [1,  3-8.  11-17] 
of  the  hydration  of  the  >C==Cc^or  >C  =  0  double  bond,  as  well  as  in  the 
addition  of  elements  of  ammonia  at  the  carbonyl  group  [10]. 


;  The  latter  specification  is  required  because  the  initial  cleavage  products 
tend  very  often  to  undergo  further  changes  during  the  very  process  of  their 
formation. 
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the  rings  proving  to  he  readily  cleavahle  (as  might  have  been  expected)  only 
when  the  substituents  in  the  molecules  can  polarize  these  bonds  sufficiently, 
owing  to  their  nature,  their  number,  and  their  position. 

The  correctness  of  these  assertions,  set  forth  in  our  first  report  [1],  was 
subsequently  borne  out  by  our  later  researches  [2-l8]  on  the  hydrolytic  and 
oxidative -hydrolytic  transformations  of  carbocyclic  compounds  in  veirious  stages 
of  oxidation.  In  our  previous  reports  we  have  been  able  to  give  no  more  than 
a  partial  discussion  of  the  nature  and  cause  of  the  relationship  existing 
between  the  degree  of  oxidation  of  carbocyclic  compounds  and  the  ability  of  the 
carbon  bonds  in  their  rings  to  be  cleaved  hydrolytically,  owing  to  the 
sparseness  of  the  experimental  data  at  our  disposal.  The  material  now 
available,  however,  enables  us  to  provide  a  definite  answer  to  that  question. 

As  we  have  said  above,  the  action  of  oxidizing  agents  upon  carbocyclic 
compounds  (under  conditions  that  exclude  the  possibility  of  any  hydrolysis  of 
the  carbon  bonds  or  do  not  favor  such  hydrolysis)  results  most  often  in  the 
entrance  of  various  oxygen-containing  substituents  into  the  original 
molecules.  The  presence  of  the  latter  in  the  oxidized  molecules,  which  still 
retain  their  original  carbon  skeletons,  cannot  help  affecting  the  polarization 
of  the  carbon  bonds  in  these  molecules  in  many  cases  and,  hence,  affecting 
their  ability  to  undergo  hydrolytic  cleavage.  This  makes  it  clean:  why  the 
action  of  oxidants  upon  carbocyclic  compounds  usually  exerts  extremely  great 
influence  upon  the  hydrolytic  cleavage  of  their  rings  during  certain  stages  of 
their  oxidation.  It  also  explains  the  relationship  existing  between  the  degree 
of  oxidation  of  the  molecules  and  the  ability  of  the  latter's  carbon  bonds  to 
be  cleaved  hydrolytically.  This  relationship  may  be  stated  as  follows  for 
the  general  case:  the  more  strongly  the  oxygen-containing  substituents  that 
enter  a  molecule  as  a  result  of  the  action  of  an  oxidant  polarize  the  carbon 
bonds  subject  to  hydrolytic  cleavage,  the  more  readily  will  the  latter  process 
occur  (provided,  of  course,  the  carbon  bonds  are  polarized  as  depicted  above 
for  compounds  of  the  general  type  (l);  cf  [19-24]). 

This  conclusion,  in  turn,  has  several  corollaries  that  are  fairly  evident, 
since  the  hydrolytic  cleavage  of  the  carbon  bonds  in  carbocyclic  compounds  obey 
the  general  rules  established  earlier  [19-24]  for  analogous  transformations  in 
other  types  of  organic  compounds.  Thus,  it  must  be  thought  that  far  from  every 
oxygen-containing  substituent  that  enters  a  molecule  will  necesseirily  and  suf¬ 
ficiently  polarize  the  carbon  bonds,  thus  facilitating  their  cleavage  in  the 
presence  of  hydrolyzing  agents.  Whence  it  could  have  been  foreseen  (cf  Par.  4 
of  Report  I  [1]  as  well  as  [19])  that  at  times  the  prior  action  of  oxidants  will 
have  no  effect  at  all  upon  the  hydrolytic  cleavage  of  the  carbon  bonds  of  carbo¬ 
cyclic  compounds;  in  some  cases  it  might  even  be  expected  that  introducince  oxygen- 
containing  groups  will  hinder  such  processes.  There  was  no  doubt,  however,  that  at 
certain  stages  of  oxidation  the  entrance  of  oxygen-containing  substituents  into  a 
molecule  could  greatly  facilitate  the  hydrolytic  cleavage  of  the  carbon  bonds,  in¬ 
asmuch  as  considerable  preliminary  data  had  indicated  that  the  higher  the  degree 
of  oxidation  of  carbocyclic  compounds  (cf  Par.  5  of  Report  I  [l]),  the  easier  it 
was  for  this  process  to  take  place.  Lastly,  it  was  apparent  that  the  hydrolitic 
cleavage  of  rings  must  depend  upon  the  presence  of  the  substituents  existing  in 
the  original  molecules  and  retained  in  the  oxidized  ones,  in  addition  to  the  pre¬ 
sence  of  the  substituents  introduced  during  oxidation. 

All  these  problems  required  appropriate  experimental  research,  of  course, 
which  we  undertook.  Our  data  (cf  [2-l8])  now  justify  the  assertion  that  both 
the  general  formulation  of  the  relationship  we  have  discovered,  set  forth  above, 
and  the  conclusions  derived  therefrom  are  correct. 
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In  fact,  the  results  of  our  research  on  the  conditions  and  nature  of  the 
hydrolytic  cleavage  of  carbocyclic  compounds  in  various  stages  of  oxidation 
indicate  beyond  any  doubt  that  this  process  is  directly  related  to  the  polar¬ 
ization  of  the  carbon  bonds  undergoing  cleavage,  this  polarization,  in  turn, 
depending  upon  the  nature,  number,  and  position  of  the  substituents  either 
present  in  the  original  molecules  already  or  introduced  during  their  oxidation. 

The  oxidation  of  naphthalene  or  of  its  respective  derivatives  to  ^-naphthoqui- 
none  does  not  result  in  the  establishment  of  the  structural  prerequisites  within 
the  molecule  that  are  adequate  to  promote  the  cleavage  of  the  ring  when  hydro- 
lizing  agents  are  present.  This  is  due  to  the  fact  that  the  carbonyl  groups 
at  the  1  and  4  positions  in  £ -naphthoquinone  cannot  polarize  the  bonds  between 
the  2  and  5  ceirbon  atoms  [which  must  first  be  hydrated  and  then  ruptured  (cf 

[1])];  this  is  readily  seen  when  we  consider  the  structure  of  such  compounds 
from  the  standpoint  of  modern  concepts  of  the  interactions  of  atoms  and  of 
groups  of  atoms  within  molecules.  That  is  why  1,4-naphthoquinone  (ll)  cannot 
be  cleaved  hydrolytically  as  such,  but  only  after  a  preliminary  oxidation  [2]; 
the  same  is  true  of  2-methyl- ( III j  and  2-ethyl-l, 4-naphthoquinone  (IV)  [2], 
because,  as  we  know,  alkyl  groups  are  unable  to  polarize  carbon  bonds  appre¬ 
ciably.^  Nor  does  further  oxidation  of  these  p-quinones  to  oxides  or  hydration 
of  the  latter  to  the  corresponding  glycols  yield  compounds  that  tend  to  be  cleaved 
in  the  presence  of  hydrolyzing  agents,  since  the  entrance  of  oxidic  oxygen  or  of 
two  hydroxyl  groups  at  the  2  and  5  positions  in  the  quinone  molecule  naturally 
cannot  aid  in  polarizing  the  bond  between  these  carbon  atoms.  In  fact,  the 
oxides  (V)  and  (VI)  and  the  corresponding  glycols  (VII;  and  (VIIl),  like  the 
original  quinones  (li;  and  (ill),  cannot  be  cleaved  hydrolytically  without 
prior  change  of  their  molecules  [4,  15]*  These  examples  indicate,  there¬ 

fore,  that  the  action  of  oxidants  upon  carbocyclic  compounds  may  sometimes  fail 
to  yield  substances  that  are  more  readily  cleaved  than  the  original  compounds. 

In  the  instances  considered  above,  the  reason  for  this  is  the  fact  that  the  en¬ 
tering  oxygen-containing  substituents  were  unable  to  poleirize  the  bond  between 
the  2  and  5  carbon  atoms  in  the  ring. 


(II)  X  =  H  fV)  X  =  H  (VII)  X  =  H 

(III)  X  =  CH3  (VI;  X  =  CH3  (VIII;  X  =  CH3 

(IV)  X  =  C2H5 


1 )  We  have  observed  that  the  methyl  group  has  no  perceptible  effect  upon 
the  hydrolytic  cleavage  of  carbon  bonds  in  other  cases  as  well,  such  as  the 
oxides  of  p-naphthoquinones,  the  glycols  corresponding  to  these  oxides,  and  the 
monohydroxy-p-naphthoquinones  [3-5>  15]- 


0 


X 


X 


A  wholly  different  result  is  observed,  however,  when  a  hydroxyl  group 
is  added  to  the  molecule  of  some  ^-quinones  at  the  5  position.  Such  monohydroxy- 
naphthquinones  as  (IX)  and  (x)  can  be  readily  hydrated  at  the  double  bond  (which 
is  strongly  polarized  by  the  hydroxyl  group),  being  converted  into  the  respective 
hydration  products  (XI)  and  (XII);  in  the  latter  compounds  the  presence  of  two 
hydroxyl  groups  at  the  3  position  polarizes  the  single  bond  between  the  2  and  5 
atoms  very  strongly  as  well,  making  it  unstable  in  the  presence  of  hydrolyzing 
agents.  Hence,  the  monohydroxynaphthoquinones  (IX)  and  (X)  [in  contrast  to  the 
p-quinones  (ll)  and  (ill)  and  to  the  corresponding  oxides  and  glycols]  undergo 
purely  hydrolytic  cleavage  fairly  easily  when  their  aqueous  solutions,  which  have 
a  pH  somewhat  higher  than  7 ,  are  boiled,  being  transformed  into  o-acetyl-  and 
o-propionylphenylglyoxylic  acids  [3,  1^].^ 

These  examples  indicate  the  importance  of  the  nature,  number,  and  importance 
of  the  oxygen-containing  substituents  that  enter  a  molecule  in  Judging  their 
effect  upon  the  hydrolytic  cleavability  of  the  ring  carbon  bonds. 

In  this  connection  it  is  also  of  some  interest  to  compare  the  properties  of 
the  glycols  (VII)  and  (VIII)  with  those  of  the  isomeric  compounds  (Xl)  and  (XIl), 
the  only  structure  difference  between  the  two  being  the  position  of  the  hydroxyl 
groups.  As  we  have  pointed  out  above,  it  is  this  very  difference  that  makes  the 
former  compounds  unable  to  undergo  hydrolytic  cleavage  under  conditions  in  which 
the  second  group  is  cleaved  rather  readily,  inasmuch  as  it  is  only  in  the  latter 
that  the  hydroxyl  groups  polarize  the  bond  between  the  2  and  3  carbon  atoms. 
Another  instance  of  this  is  the  differing  resistance  to  hydrolysis  of  the  rings 
in  3 -hydroxy- 1,4 -naphthoquinone  (IX)  and  2, 3-dihydroxy-l, 4-naphthoquinone  (iso- 
naphthazarine)  (XIII): 


H 

OH 


(IX) 


OH 

OH 


^)  The  ability  to  be  hydrolytically  cleaved  with  ease  is  characteristic 
not  only  of  the  naphthalene  monohydroxyquinones  discussed  above,  but  likewise 
of  the  similarly  constructed  monohydroxy-p-quinones  of  the  benzene  series  (L. 
A.  Shchukina's  findings)  and  of  phenanthrene  (L.  Fieser's  findings  [32]). 
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it  should  be  thought  that  the  second  of  these  qulnones  would  be  incomparably 
harder  to  cleave  hydrolytically  than  the  first,  since  the  hydroxyl  groups 
attached  to  the  2  and  5  ceirbon  atoms  of  the  isonaphthazeLrine  molecule  (XIIl) 
cannot  polarize  the  bond  connecting  these  two  atoms  together,  whereas  the  same 
bond  is  polarized  fairly  strongly  in  the  molecule  of  5-hydroxy-l,U-naphthoquinone 
(IX).  And,  in  fact,  it  has  been  shown  [l4,  l6]  that  in  contrast  to  5-hydroxy-l,U- 
naphthoquinone  (IX),  which  is  cleaved  fairly  easily  by  hydrolyzing  agents,  iso- 
naphthaz6u:ine  (XIII)  cannot  be  cleaved  hydrolytically,  even  under  quite  severe 
conditions.  A  comparison  of  the  properties  of  these  two  quinones  is  also  inter¬ 
esting  because  here  we  have  the  rather  rare  case  where  an  increase  in  the  number 
of  oxygen-containing  substituents  in  the  molecule  not  only  does  not  promote,  but, 
on  the  contrary,  greatly  hampers  the  hydrolytic  cleavage  of  the  carbon  bonds. 

In  the  molecule  of  3-hydroxy-l, 4-naphthoquinone  (IX)  the  bond  between  the 
2  and  3  carbon  atoms  may  be  depolarized  by  introducing  at  the  2  position,  in 
addition  to  a  hydroxyl  group,  other  substituents,  such  as  an  amino  group,  which 
we  know  exerts  a  polarizing  effect  that  parallels  the  action  of  the  hydroxyl 
group,  though  of  different  strength.  We  therefore  were  led  to  believe  that  not 
only  isonaphthazarine  (XIII)  and  2-amino-3-hydroxy-l, 4-naphthoquinone  (XIV), 
but  2-pyri dini urn -3-hydroxy-l, 4-naphthoquinone  betaine  (XV)  as  well,  would  re¬ 
sist  hydrolytic  agents  effectively,  in  sharp  contrast  to  the  behavior  of  3- 
hydroxy- 1,4 -naphthoquinone  (iXj.  This  supposition  proved  to  be  correct  -  it 
was  found  [12,  17]  that,  like  isonaphthazarine  (XIIIJ,  the  compound  (XIV)  is 
hard  to  cleave  hydrolytically  in  general;  as  for  the  quinone  (XV),  it  can  be 
cleaved,  to  be  sure,  but  the  conditions  required  are  much  more  severe  than  for 
3 -hydroxy- 1,4 -naphthoquinone  (iXj.^  Hence,  the  effect  of  oxygen-containing  groups 
upon  the  cleavage  of  the  carbon  bonds  in  carbocyclic  compounds  is  fully  analogous 
to  that  of  other  kinds  of  substituents. 


(XIII):X  =  OH;  Y  =  OH  (XVIJ: 
(XIV):  X  =  NHs;  Y  =  OH  (XVII;: 

+  (XVIIIj: 

(XV):  X  =  NC5H5;  Y  =  0 

(XIX): 

(xx;: 


CH3; 

Y  = 

OH 

CH3; 

Y  = 

OAc 

CH3; 

Y  = 

Cl 

C5H5 

NCI; 

Y  =  Cl 

Y  = 

0 

Relationships  that  are  quite  similar  to  those  just  discussed  are  also  found 
to  prevail  when  another  carbonyl  group  is  introduced  into  the  p-quinone  ring. 

The  addition  of  a  third  carbonyl  ring  usually  makes  the  resulting  substance  highly 
unstable  in  hydrolyzing  agents.  The  reason  for  this  is  the  well-known  ability  of 
carbonyl  groups  to  polarize  carbon  bonds  strongly;  the  simultaneous  presence  of 
three  carbonyl  groups  in  the  ring  is  likewise  of  considerable  importance.  We  have 
shown,  for  example  [6-8,  11,  13] >  that  the  triketones  (XVI)  —  (XIX)  cannot  only 
be  readily  hydrated  at  the  double  bond  of  the  carbonyl  group  at  the  3  position, 
but  that  they  then  undergo  hydrolytic  cleavage  of  the  bond  between  the  2  and  3 


Cf  [12]  for  the  structure  of  the  products  of  the  hydrolytic  cleavage 
of  the  quinone  (XV). 
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carbon  atoms  in  their  rings. ^  The  similarly  constructed  bicyclic  triketones 
that  have  two  halogen  atoms  attached  to  the  second  carbon  atom  in  the  ring 
possess  the  same  properties  [25-29].  It  must  be  stressed,  however,  that  although 
all  these  triketones  are  cleaved  hydrolytically  with  great  ease,  the  conditions 
under  which  this  process  can  take  place  are  largely  governed  by  the  nature  of 
the  substituents  attached  to  the  2  carbon  atom.  In  the  hydrated  triketone  (XIX), 
for  instance,  the  presence  of  a  chlorine  atom  and  a  pyridinium  group  polarizes 
the  bond  between  the  2  and  3  carbon  atoms  so  strongly  that  the  compound  is 
cleaved  in  an  aqueous  solution  even  without  heating  [13].  In  the  hydrated 
triketones  (XVIj  -  (XVIIIj  this  bond  is  less  highly  polarized,  of  course,  so  that 
the  aqueous  solutions  of  these  compounds  have  to  be  heated  to  cleave  this  bond 
hydrolytically  [6-8,  11].^  The  bond  between  the  2  and  3  carbon  atoms  must  be 
even  less  polarized  in  the  hydrated  triketones  (Xlj  and  (XII)  produced  by  hydra¬ 
ting  the  hydroxynaphthoquinones  (IX)  and  (XJ;  accordingly,  the  hydrated  forms 
of  these  quinones  can  be  easily  cleaved  only  when  they  are  boiled  in  aqueous 
solutions  having  a  pH  in  excess  of  7  (see  above  for  details,  as  well  as  [9,  1^]). 
Thus,  in  this  series  of  carbocyclic  compounds,  as  in  those  discussed  previously, 
the  hydrolytic  cleavage  of  the  carbon  bonds  depends  upon  the  nature,  number,  and 
position  of  the  oxygen-containing  radicals  and  of  the  other  substituents  attached 
to  the  molecule;  in  the  cyclic  triketones,  however,  the  carbonyl  groups  play  the 
predominant  role. 

It  was  fairly  obvious  that  the  entrance  of  an  even  larger  number  of  carbonyl 
groups  into  the  molecules  of  carbocyclic  compounds  (as  the  result  of  oxidation  or 
in  other  ways)  ought  to  yield  compounds  that  are  particularly  subject  to  hydro¬ 
lytic  cleavage.  We  might  expect,  therefore,  that  the  ring  of  the  tetraketone  (XX) 
would  be  cleaved  with  very  great  ease,  since  the  hydration  of  the  carbonyl  group 
at  the  2  or  3  position  ought  to  polarize  the  bond  between  the  2  and  3  carbon  atoms 
very  strongly,  owing  to  the  presence  of  two  carbonyl  groups  in  the  3^  or  1,2 
positions.  This  assumption  was  confirmed  experimentally  [l6];  it  was  found  that 
the  tetraketone  (XX)  is  cleaved  very  rapidly  when  heated  in  aqueous  solution, 
this  process  occurring  almost  instantaneously,  even  in  the  cold,  at  a  pH  in  ex¬ 
cess  of  7. 

Similar  behavior  is  exhibited  by  polycarbonyl  compounds  belonging  to  other 
classes  of  carbocyclic  or  aliphatic-aromatic  compounds:  orthopyruvylphenylgly- 
oxylic  acid  [6];  hydrated  hexaketocyclohexane  (triquinoyi;  [30]?  1,2,3-tri- 

ketoindane  monohydrate  (ninhydrin)  [l6];  and  1,4,9, 10-anthradiquinone  [31],  all 
of  which  are  extremely  unstable  in  the  presence  of  hydrolyzing  agents,  though  they 
are  highly  stable  compounds  when  such  agents  are  absent,  resisting  heat  and  the 
action  of  oxidants,  for  example.  Hence,  the  presence  of  three,  four,  and  more 
carbonyl  groups  in  a  molecule  greatly  facilitates  the  hydrolytic  cleavage  of  the 
carbon  bonds. 

The  foregoing  comparison  of  the  factual  data  with  the  structure  of  various 
types  of  carbocyclic  compounds  indicates  that  the  assertions  made  in  this  paper 
regarding  the  cause  and  the  nature  jf  the  relationships  prevailing  between  the 
degree  of  oxidation  of  molecules  and  the  ability  of  their  carbon  bonds  to  be 
cleave-d  hydrolytically  are  actually  correct.  It  is  beyond  any  doubt  that  the 

Cf  [6-8,  11,  13]  for  the  structure  of  the  primary  cleavage  products 
of  the  triketones  (XVI;  -  (XIX). 

It  is  worthy  of  note  that  the  bond  between  the  2  and  3  carbon  atoms 
in  the  triketone  (XVIIl)  can  be  ammonolyzed  as  well  as  hydrolyzed  [10]. 
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action  of  oxidizing  agents  upon  the  molecules  can  affect  the  hydrolytic  cleavage 
of  their  carbon  bonds  only  when  the  oxygen-containing  substituents  entering  the 
molecule  can  exert  a  perceptible  influence  upon  the  polarization  of  these  carbon 
bonds.  This  is  precisely  why  the  transition  from  p-quinones  to  their  oxides, 
which  are  ordinarily  formed  as  the  initial  oxidation  products  of  the  p-quinones 
with  veirious  oxidants,^  as  well  as  the  conversion  of  the  quinone  oxides  into  the 
corresponding  glycols,  is  not  enough  to  facilitate  the  cleavage  of  the  carbon 
bonds  of  their  rings  by  hydrolyzing  agents  [4,  15].  However,  the  monohydroxy- 
quinones  formed  by  the  dehydration  of  these  glycols,  which,  like  the  oxides  and 
the  glycols,  must  be  classed  as  the  first  stages  of  oxidation  of  the  p-quinones, 
eire  readily  cleaved  hydrolytically  in  many  cases  [5,  l4,  32],  because  their  ring 
carbon  bonds  can  be  very  highly  polarized  by  the  hydroxyl  group. ^  Hence,  when¬ 
ever  the  oxides  formed  during  the  oxidation  of  the  original  quinones  are  converted 
into  monohydroxyquinones  via  the  glycols,  their  molecules  may  acquire  the  struc¬ 
tural  prerequisites  to  facilitate  the  ensuing  hydrolytic  cleavage  of  the  ring 
carbon  bonds.  If,  for  whatever  reason,  no  monohydroxyquinones  are  formed,  (or 
they  are  cleaved  under  extremely  severe  conditions j,  auxiliary  action  of  oxidi¬ 
zing  agents  is  required  to  produce  more  readLy  cleaved  compounds:  oxides  of  the 
monohydroxyquinones,  hydroxytriketones ,  tetraketones,  etc.  [4-6,  8,  11,  15-17]* 

It  is  worthy  of  note  in  this  connection  that  partially  oxidized  carbocyclic  com¬ 
pounds,  such  as  the  glycols  (VII)  and  (Vlllj  are  often  highly  susceptible  to  fur¬ 
ther  oxidation,  owing  to  their  structural  peculieirities ,  this  taking  place  even 
with  such  weak  oxidants  as  atmospheric  oxygen[4 ,5 , 15-17]  •  .  Moreover,  in  some  in¬ 
stances  (which  are  rather  rare,  to  be  surej,  the  transition  to  the  next  stage  of 
oxidation  may  not  result  in  the  formation  of  compounds  that  are  readily  cleaved 
by  hydrolyzing  agents.  Highly  significant  in  this  respect  is,  for  example,  the 
behavior  of  the  glycols  (VII)  and  (VIII).  In  fact,  though  oxidizing  the  latter 
of  the  two  yields  the  hydroxytr ike tone  (XVI),  which  can  be  cleaved  with  extreme 
ease  to  o-lactylphenylglyoxylic  acid,  even  by  boiling  in  water  [4,  5^  8]>  oxi¬ 
dation  of  the  glycol  (VII)  yields  isonaphthazar ine  (XIII),  which  exhibits  ab¬ 
solutely  no  tendency  toward  hydrolytic  cleavage,  owing  to  its  structural  features 
(vide  supra)  [I5,  16] .  In  this  case  even  greater  oxidation  of  the  molecule  is 
required  for  cleavage,  namely:  the  conversion  of  the  isonaphthazar ine  (XIIl) 
into  the  tetraketone  (XX),  the  ring  of  which  is  highly  unstable  in  the  presence 
of  hydrolyzing  agents  (cf  [I6],  as  well  as  the  foregoing). 

Thus,  although  the  entrance  of  oxygen-containing  substituents  does  not  pro¬ 
mote  or  even  hinders  the  hydrolytic  cleavage  of  the  carbon  bonds,  further  oxi¬ 
dation  of  the  molecules  to  higher  stages  results,  in  certain  stages,  in  the 
formation  of  compounds  whose  carbon  bonds  can  be  cleaved  with  great  ease.  Hence, 
the  assertion  made  earlier  [1]  that  increasing  the  degree  of  oxidation  of  the 
rings  facilitates  their  subsequent  hydrolytic  cleavage  holds  good  for  an  extreme¬ 
ly  broad  range  of  carbocyclic  compounds;  it  also  applies,  evidently,  to  other 
types  of  organic  substances.  It  should,  however,  be  borne  in  mind  that  depar¬ 
tures  frcTTi  this  rule  may  occur  at  some  stages  of  oxidation  of  carbocyclic  com¬ 
pounds,  which  may  be  foreseen  in  advance  by  applying  the  rule  [19]  that  was 
derived  for  the  hydrolytic  cleavage  of  carbon  bonds  in  general. 


ly  Especially  atmospheric  oxygen,  hydrogen  peroxide,  and  potassium  perman¬ 
ganate  [4,  6,  11,  15,  17,  18]. 

2)  Moreover,  some  monohydroxyquinones  cannot  be  cleaved  hydrolytically 
or  require  extremely  severe  conditions  for  their  cleavage,  owing  to  the  presence 
of  still  other  substituents  in  their  molecules  (see  above,  as  well  as  [12,  16, 

17]). 
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In  conclusion,  it  should  be  stressed  that  it  is  advisable  to  keep  the 
concepts  we  have  elaborated  concerning  the  oxidative-hydrolytic  transforma¬ 
tions  of  organic  substances  in  mind  in  any  study  of  the  oxidation  reactions 
of  acyclic  as  well  as  carbocyclic  compounds,  inasmuch  as  the  correctness  of 
these  concepts  has  begun  of  late  to  be  corroborated  in  such  reactions  as  the 
oxidation  of  olefins,  for  example. 

In  fact,  in  accordance  with  our  views,  A.  Byers  and  W.  Hickinbottom  have 
recently  shown  [55]  that  the  first  stage  in  the  oxidation  of  olefins  by  organic 
per  acids  and  by  chromic  anhydride  or  chromic  acid  is  the  formation  of  the  res¬ 
pective  oxides.  When  the  reaction  is  carried  out  with  no  water  present,  the 
process  comes  to  a  stop  at  this  stage,  inasmuch  as  the  oxides  of  unsaturated 
compounds,  us  might  have  been  expected,  cannot  be  oxidized  further  without 
undergoing  prior  changes  (hydration,  isomerization,  etc.).  It  was  found,  for 
example,  that  the  oxides  resist  the  action  of  organic  per  acids,  chromic 
anhydride,  and  potassium  permanganate.  Hence,  the  action  of  nothing  but 
oxidizing  agents  upon  olefins  merely  results  in  entrance  of  oxygen-con- 
taininc  substituents  into  their  molecules,  without  cleaving  their  carbon  bonds 
(cf  foox-note  to  P.  185IJ.  The  state  of  affairs  is  quite  different,  however, 

when  the  oxidation  of  the  original  olefins  and  the  isolation  of  the  oxidation 
products  are  carried  out  in  the  presence  of  water,  especially  when  acids  or 
alkalies  are  also  present.  In  all  such  cases  the  oxides  initially  formed  may 
be  nydrated  to  glycols,  isomer ized  to  aldehydes,  or  undergo  other  transforma¬ 
tions  (cf  [53]  for  details),  some  of  the  substances  formed  secondarily  proving, 
in  turn,  to  be  capable  of  further  oxidation.  That  is  why  the  process  does  not 
stop  at  the  stage  in  which  oxides  6ire  formed  when  the  reactions  are  carried  out 
under  such  conditions,  but  continues  much  further,  the  end  products  usually  con¬ 
taining,  in  addition  to  the  normal  products  of  olefin  cleavage  at  the  double 
bond,  so-called  anomalous  oxidation  products:  unsaturated  alcohols,  carboxylic 
acids,  and  other  substances  that  contain  as  many  carbon  atoms  as  the  molecules 
of  the  original  hydrocarbons.  The  causes  of  the  formation  of  these  substances, 
and  the  methods  involved,  which  have  remained  unclear  up  to  very  recently,  are 
now  beginning  to  be  elucidated,  thanks  to  the  fact  that  the  end  product  of  oxi¬ 
dative  transformations  has  begun  to  be  regarded  [55]  as  the  result  of  the  action 
of  the  reaction  medium  as  well  as  the  oxidizing  agent  upon  the  initial  and  the 
intermediate  molecules: 


>C=^C<r  - — C<c  >C - Ca  +  C< 

i\rT  1\1T  Q 


I 

>c-c- 

I  il 

0 

llo] 

>(>C-OH 

I  II 

0 


OH  OH 

>c — c  = 


The  examples  we  have  discussed  are  clear  enough  proof  that  the  concepts 
we  have  developed  concerning  the  oxidative-hydrolytic  transformations  of  organic 
molecules  may  be  extremely  useful  in  shedding  light  upon  the  mechanism  involved 
in  many  kinds  of  oxidative  reactions. 
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SUMMARY 


The  causes  and  nature  of  the  relationship  between  the  degree  of  oxidation 
of  ceurbocyclic  compounds  and  the  ability  of  their  ring  carbon  bonds  to  be  cleaved 
hydrolytically  have  been  elucidated. 

It  has  been  shown  that  it  is  advisable  to  keep  the  concepts  set  forth  on 
the  oxidative-hydrolytic  transformations  of  organic  molecules  in  mind  when  in¬ 
vestigating  the  oxidation  reactions  of  ceirbocyclic  and  acyclic  compounds. 
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RESEARCH  ON  HYDROXYFUCHSONE  DYES 


XV .  ACETOXYFUC  HSONES 

I.  S.  Ioffe 


When  hydroxyfuchsone  dyes  are  acetylated,  it  is  not  only  the  hydroxy  group 
that  can  react  with  the  acetylating  agent,  hut  the  methylenequinone  group  of  the 
dye  as  well.  These  processes  have  not  been  successfully  separated  up  to  the 
present  time,  their  parallel  course  usually  yielding  colorless  products  of  the 
exhaustive  acetylation  of  the  hydroxyfuchsone  dyes  with  a  polyacetoxytriaryl- 
carbinol  structure  [1]  Long  ago  [2]  '  ,4 "-triacetoxytriphenylcarbinol  (ll) 

was  synthesized  from  aurin  (l).  We  have  secured  the  corresponding  acetoxytri- 
arylcarbinols  from  other  hydroxyfuchsone  dyes  as  well  [1]. 


Not  so  long  ago  we  noticed,  however,  that  the  hydroxy  groups  of  hydroxy¬ 
fuchsone  dyes  react  with  acetylating  agents  faster  than  did  the  methylenequi¬ 
none  group.  Under  certain,  milder  conditions  we  were  able  to  secure  colored 
acetylation  products  containing  the  methylenequinone  group  unchanged.  These 
acetoxyfuchsones,  undescribed  previously,  were  acetylated  further,  though  under 
more  severe  conditions,  being  converted  into  colorless  exhaustive-acetylation 
products  whose  structure  was  that  of  a  polyacetoxytriarylcarbinol. 

The  most  striking  results  were  secured  in  the  acetylation  of  rubrocol, 

3, 5 ' ,3 "-tr imethoxy-4 ' ,4 "-dihydroxyfuchsone  (ill).  The  usual  acetylation  of 
this  hydroxyfuchsone  dye  by  heating  it  with  acetic  anhydride  yielded  the  color¬ 
less  3j5  ,3” -trimethoxy-4,4’ ,4**-triacetoxytriphenylcarbinol  (V;  [1].  The  re¬ 
action  followed  a  different  course  when  the  conditions  used  were  milder,  as 
when  a  mixture  of  the  hydrochloride  of  the  dye  was  triturated  in  a  mortar  with 
anhydrous  sodium  acetate  and  with  a  small  amount  of  acetic  anhydride.  The  vis¬ 
cous  reaction  mass  produced  at  the  start  thickened  gradually  and  grew  lighter 
in  color.  After  the  lapse  of  some  time,  the  mixture  hardened  into  a  yellow  clump. 
It  was  crushed  to  a  fine  powder,  washed  with  water  and  then  with  a  small  quantity 
of  ether,  and  crystallized  from  alcohol.  This  yielded  golden-orange  crystalline 
spangles  that  fused  sharply  at  129-130*.  The  yield  of  the  substance  was  70^  of 
the  theoretical. 
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The  fact  that  the  synthesized  substance  had  a  higher  color  than  the  original 
dye  and,  in  contrast  to  the  dye,  did  not  react  with  a  cold  solution  of  sodium  bi¬ 
carbonate  was  an  indication  that  acetylation  had  occurred.  As  we  know  [2],  fuch- 
sone  derivatives  that  contain  hydroxy  groups  dissolve  rapidly  in  solutions  of 
weak  alkalies,  including  sodium  bicarbonate,  yielding  the  corresponding  brightly 
colored  anions.  Rubrocol  dissolves,  exhibiting  a  bright  violet  color.  The  sub¬ 
stance  synthesized  from  rubrocol  when  the  latter  was  acetylated  under  the  con¬ 
ditions  set  forth  above  did  not  dissolve  when  placed  in  a  bicarbonate  solution. 

Only  after  it  was  heated  did  it  slowly  dissolve,  as  a  result  of  saponification, 
coloring  the  solution  the  typical  violet  of  the  rubrocol  anion. 

The  acetyl  derivative  in  question  was  saponified  incomparably  faster  when  it 
was  treated  with  mineral  acids  or  caustic  alkalies.  When  hydrochloric  acid  or 
a  1^  solution  of  sodium  hydroxide  was  added  to  an  alcoholic  solution  of  the  sub¬ 
stance,  the  color  of  the  corresponding  rubrocol  salt  soon  made  its  appearance. 
Colorimetric  measurements  indicated  that  when  an  alcoholic  solution  of  the 
acetyl  derivative  in  question  was  heated  with  1^  sodium  hydroxide,  it  was  quan¬ 
titatively  converted  into  a  rubrocol  salt. 

As  has  been  said  before  [1],  the  product  of  the  exhaustive  acetylation  of 
rubrocol  (V)  is  converted  into  a  salt  of  the  initial  dye  by  saponification.  In 
contrast  to  this  colorless  acetyl  derivative,  however,  the  colored  product  of 
the  acetylation  of  rubrocol  described  above  reacts  readily  with  sodium  bisul¬ 
fite,  yielding  colorless  and  transparent  solutions  of  the  bisulfite  derivative. 

This  is  an  indisputable  sign  that  the  methylenequinone  (fuchsone)  group  is  re¬ 
tained  in  this  acetyl  derivative. 

The  resulting  bisulfite  derivative,  like  the  bisulfite  derivative  of  the 
unacetylated  dye,  is  decomposed  very  readily  by  mineral  acids  and  alkalies.  But 
in  the  case  of  the  acetyl  derivative  this  is  accompanied  by  saponification  of 
the  acetoxy  groups.  That  is  why  the  acetoxy  compound  cannot  be  regenerated 
from  its  bisulfite  derivative,  only  the  original  dye  being  recoverable.  Essential 
differences  between  the  bisulfite  derivative  of  the  acetoxyfuchsone  and  the  bisul¬ 
fite  derivative  of  the  unacetylated  dye  are,  on  the  the  one  hand,  the  greater  sta¬ 
bility  of  the  former  when  reacted  with  bicarbonate  and  when  stored,  and  on  the 
other,  its  higher  solubility  in  water.  The  bisulfite  derivative  of  rubrocol  is 
only  moderately  soluble  in  water,  an  abundant  precipitate  settling  out  when  a 
heated  concentrated  solution  was  cooled.  The  bisulfite  derivative  of  the  acetyl 
derivative  is  very  freely  soluble  in  water  and  can  be  isolated  by  evaporating 
an  alcoholic  or  aqueous-alcoholic  solution. 

All  these  qualitative  reactions  of  the  colored  product  of  the  acetylation 
of  rubrocol  indicate  that  this  compound  retained  the  fuchsone  group  and  that  only 
the  hydroxy  group  of  the  dye  reacts  with  the  acetylating  agent  during  acetylation. 
This  has  been  confirmed  by  an  elementary  analysis  and  by  determination  of  the 
number  of  acetyl  groups.  The  synthesized  colored  product  of  the  acetylation  of 
rubrocol  thus  has  the  structure  of  "-trimethoxy-4 '  ,4  "-diacetoxyfuchsone  (IV) 

and  is  a  representative  of  the  acetoxyfuchsones  not  described  up  to  now. 

When  this  acetoxyfuchsone  was  heated  with  acetic  anhydride,  the  colorxess 
product  of  the  exhaustive  acetylation  of  rubrocol  (Vj  described  previously  [1] 
was  secured.  (See  next  page  for  scheme). 

Like  all  fuchsone  compounds  [5],  acetoxyfuchsone  (IV)  adds  a  molecule  of 
water  and  is  converted  into  the  colorless  carbinol  derivative  (VI).  We  had  pre¬ 
viously  demonstrated  [3]  that  this  hydration  of  the  fuchsones  takes  place  under 
various  conditions,  depending  upon  the  presence  and  number  of  their  hydroxy  groups. 
The  hydroxyfuchsone  dyes  of  the  aurin  series,  containing  2  hydroxy  groups,  rubrocol 
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among  them,  are  hydrated  only  in  a  strongly  alkaline  medium,  giving  rise,  in  the 
case  of  rubrocol,  for  example,  to  the  extremely  unstable  carbinol  derivative  (VII), 
turning  into  the  original  dye  even  when  attempts  are  made  to  isolate  it.  Benzaurin 
and  similar  hydroxyfuchsone  dyes,  which  contain  only  one  hydroxy  group,  are  con¬ 
verted  into  carbinol  derivatives  under  milder  conditions,  when  acted  upon  by  more 
highly  diluted  alkalies;  while  the  fuchsones  and  their  derivatives  that  contain 
no  free  hydroxy  groups  are  hydrated  in  a  weakly  alkaline  and  even  in  a  neutral 
medium  [^j,  yielding  more  stable  carbinol  derivatives. 

The  colored  acetyl  derivative  of  rubrocol  that  possesses  the  acetoxyfuch- 
sone  structure  (IV)  follows  the  same  pattern.  Its  hydroxy  groups  sire  protected 
by  the  acetyl  radicals,  and  -  like  an  unsubstituted  fuchsone,  it  is  very  readily 
hydrated.  We  found  that  this  hydration  took  place  even  when  the  acetoxyfuchsone 
was  dissolved  in  heated  aqueous  alcohol.  As  heating  was  continued,  the  orange 
color  of  the  solution  gradually  turned  to  light  yellow,  while  the  cooled  solution 
did  not  throv;  down  the  acetoxyfuchsone,  which,  is  only  very  slightly  soluble  as 
such  in  cold  alcohol.  Only  when  this  solution  was  diluted  with  water  did  a  color¬ 
less  substance  settle  out  —  a  hydration  product,  constituting  the  carbinol  deri- 
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vative  of  the  acetoxyfuchsone:  3,3’,3"-trimethoxy-4',4"-diacetoxy-U-hydroxy- 
triphenylcarbinol  (Vl). 

This  property  of  an  acetoxyfuchsone  must  be  borne  in  mind  when  it  is  cry¬ 
stallized.  Crystallization  should  be  performed  as  rapidly  as  possible,  avoiding 
prolonged  heating  when  dissolving  the  substance  as  well  as  slow  cooling  of  the 
hot  solution-  Otherwise  the  yield  of  the  acetoxyfuchsone  is  diminished  by  the 
ensuing  hydration;  when  heating  lasts  long  enough,  all  the  acetoxyfuchsone  can 
be  converted  into  a  carbinol  derivative. 

In  contrast  to  the  acetoxyfuchsone  (l\^),the  carbinol  derivative  (Vl)  is  in¬ 
soluble  in  sodium  bisulfite.  Only  when  it  is  heated  in  bisulfite  for  a  long 
time  does  it  slowly  dissolve,  forming  a  bisulfite  derivative  of  the  acetoxy¬ 
fuchsone,  this  being  preceded  by  dehydration.  This  dehydration,  with  accompany¬ 
ing  conversion  into  an  acetoxyfuchsone  also  occurs  when  the  carbinol  derivative 
is  heated  in  organic  solvents.  Evidence  of  this  conversion  is  the  appearance  of 
an  orange-yellow  color  in  the  solution.  Boiling  the  carbinol  derivative  with 
glacial  acetic  acid  is  a  striking  demonstration  of  this,  the  solution  quickly 
turning  orange-yellow  and  then  being  instantaneously  decolorized  as  more  bisul¬ 
fite  is  added.  Dilution  then  yields  a  completely  transparent  solution.  This 
is  proof  of  the  quantitative  conversion  of  the  carbinol  derivative  into  an  acetoxy¬ 
fuchsone. 

Because  of  this  instability  of  the  carbinol  derivative  (Vl)  when  heated,  it 
does  not  possess  a  sharp  melting  point.  The  substance  turns  yellow  in  part  and 
decomposes  at  70-80*.  Analytical  determinations,  particularly  that  of  the  number 
of  acetyl  groups,  have  demonstrated  that  the  carbinol  compound  of  the  acetoxy¬ 
fuchsone  is  a  diacetyl  derivative  of  the  carbinol  (Vllj  of  rubrocol  and  possesses 
the  structure  (VI).  It  is  interesting  to  make  a  comparision  of  the  properties  of 
this  substance  and  those  of  the  product  of  the  exhaustive  acetylation  of  rubrocol 
(V),  which  is  a  triacetyl  derivative  of  the  same  carbinol  (VII).  This  triacetyl 
derivative  is  quite  stable  when  heated,  not  turning  yellow  when  heated  with  or 
without  solvents  present.  As  we  have  shown,  the  diacetyl  derivative  (Vl)  is 
converted  into  the  initial  acetoxyfuchsone  fairly  easily,  which  is  attributable 
to  the  feasibility  of  splitting  out  water  from  this  compound. 

Our  researches  have  thus  demonstrated  that  when  rubrocol  (ill)  is  acetylated 
under  milder  conditions  we  can  secure  the  corresponding  acetoxyfuchsone  (IV),  which 
is  reversibly  converted  into  the  carbinol  derivative  (Vl)  by  hydration,  while  more 
severe  conditions  yield  the  product  of  the  exhaustive  acetylation,  with  the  tri- 
acetyoxycarbinol  structure  (V).  All  these  substances  can  be  transformed  by  mutual 
interactions  as  shown  in  the  diagram. 

It  was  found  that  rubrocol  could  be  acetylated  to  the  acetoxyfuchsone  (IV) 
under  other  conditions  as  well,  especially  by  dissolving  the  dye  in  a  mixture  of 
pyridine  and  acetic  anhydride.  The  color  of  the  solution  rapidly  faded,  though  it 
remained  orange  even  when  allowed  to  stand  for  a  long  time.  When  the  solution  was 
diluted  with  water,  a  precipitate  settled  out  that  hardened  into  an  orange  clump. 

By  washing  the  latter  with  ether  we  secured  a  low  yield  of  the  acetoxyfuchsone  (IV), 
all  cf  whose  properties  were  identical  with  those  described  earlier.  But  under 
these  conditions  considerable  amounts  of  the  carbinol  derivative  (Vl)  were  formed 
even  during  the  processes  of  isolating  and  purifying  the  substance.  This  is  pro¬ 
bably  due  to  the  presence  of  the  pyridine,  which  promotes  the  hydration  of  fuch- 
sone  compounds  as  we  know  [4]. 

The  dissolution  in  a  mixture  of  pyridine  and  acetic  anhydride,  of  other  hy- 
droxyf uchsone  dyes,  such  as  aurin,  benzaurin,  and  dimethoxybenzaurin,  likewise 
results  in  the  acetylation  of  nothing  but  the  hydroxy  groups,  the  fuchsone  group 
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not  being  affected.  This  is  proved  by  the  fact  that  the  crude  reaction  pro¬ 
ducts  are  nearly  100^  soluble  in  bisulfite.  Our  endeavors  to  isolate  these 
acetoxyfuchsones  in  an  analytically  pure  state  met  with  failure,  however. 

These  substances  undergo  hydration  so  readily  that  this  takes  place  much 
faster  when  attempts  are  made  to  crystallize  them  than  is  the  case  in  the 
rubrocol  acetoxyfuchsone.  The  recovery  of  the  rubrocol  acetoxyfuchsone  in 
the  pure  state  is  also  facilitated  by  the  circumstances  that  it  is  sparingly 
soluble  in  ether  and  in  alcohol;  the  other  acetoxyfuchsones  we  have  synthe¬ 
sized  are  more  soluble,  and  once  dissolved,  are  quickly  converted  into  the 
respective  carbinol  derivatives.  Nonetheless,  the  analytical  determination 
of  the  acetic  acid  consumed  in  acetylation,  and  of  the  acetoxy  groups  in  the 
crude  products,  sufficed  to  show  that  under  the  specified  conditions  the  re¬ 
action  principally  involved  the  hydroxy  groups,  leaving  the  fuchsone  group 
untouched.  This  is  borne  out  by  the  fact  that  fuchsones  that  contained  no 
hydroxy  groups  suffered  no  change  when  placed  in  a  mixture  of  acetic  anhy¬ 
dride  and  pyridine.  Only  when  the  acetylating  mixture  was  diluted  with  water 
were  they  converted  into  the  corresponding  carbinol  derivatives,  which  is  a 
general  property  of  the  fuchsones,  as  has  been  pointed  out  previously  [4]. 

EXPERIMENTAL 

Synthesis  of  3 >3 ' >3 "-tr imethoxy-4' 4 "-diacetoxyfuchsone .  a)  22  g  of 
rubrocol  hydrochloride  and  22  g  of  anhydrous  sodium  acetate  were  placed  in 
a  dry  mortar  and  ground  to  a  fine  powder,  after  which  the  mixture  was  triturated 
with  22  g  of  acetic  anhydride.  The  resulting  thick,  tacky,  dark-brown  mass  grad¬ 
ually  solidified  upon  standing,  its  color  growing  lighter,  and  turning  into  a 
solid  yellow  clump  within  2-3  hours.  It  was  crushed  to  a  powder,  washed  with 
water,  filtered  out,  squeezed  out  well,  and  dried.  Then  the  substance  was 
placed  in  ^0  ml  of  ether,  agitated,  and  filtered  out.  The  deposit  was  added 
to  200  ml  of  boiling  alcohol,  the  hot  solution  being  quickly  filtered  to  elim¬ 
inate  any  impurities,  and  the  filtrate  being  immediately  chilled  with  an  ice-water 
mixture  while  stirred.  The  acetylation  product  settled  out  as  golden-orange  cry¬ 
stals  with  a  m.p.  of  119-120®,  the  yield  being  18.5  g,  or  some  80^  of  the  theor¬ 
etical  . 

b)  9«5  g  of  the  rubrocol  base  was  placed  in  a  mixture  of  5O  g  of  pyridine 
and  10  g  of  acetic  anhydride.  The  dye  dissolved  quickly,  yielding  a  transpar¬ 
ent  orange  solution.  The  latter  was  poured,  with  constant  stirring,  into  ^00 
ml  of  water.  The  drops  of  oil  that  settled  out  at  first  gradually  solidified 
into  yellow  lumps.  The  lumps  were  filtered  out,  pulverized,  washed  with  water, 
and  dried.  The  resultant  deposit  was  heated  in  50  ml  of  ether,  golden  crystals 
with  a  m.p.  of  II5-II8*  settling  out  of  the  ether  solution.  The  yield  was  1  g. 
Some  more  of  the  acetoxyfuchsone  was  recovered  from  the  residue  that  was  insol¬ 
uble  in  the  ether  by  means  of  crystallization  from  alcohol  under  the  conditions 
specified  above. 

5, 3  S 3  "-trimethoxy-4',4 ’’-diacetoxyfuchsone  consists  of  golden-orange  cry¬ 
stalline  spangles.  Its  melting  point  rose  to  129-130°  after  several  rapid 
crystallizations  funder  the  above-mentioned  conditions)  from  alcohol  or  ether. 

The  substance  is  insoluble  in  water,  sparingly  soluble  in  ether  and  cold  alco¬ 
hol,  and  soluble  in  hot  alcohol,  in  benzene,  and  in  glacial  acetic  acid.  The 
solution  was  decolorized  when  sodium  bisulfite  was  added  to  a  heated  alcoholic 
or  acetic -acid  solution,  subsequent  dilution  with  water  yielding  the  colorless, 
transparent  solution  of  the  bisulfite  derivative.  The  latter  did  not  cyrstallize 
upon  cooling,  even  from  concentrated  solutions,  being  recovered  only  when  an 
aqueous  or  aqueous-alcoholic  solution  was  evaporated. 


The  acetoxyfuchsone  is  rapidly  saponified  by  hydrochloric  and  sulfuric 
acids  and  by  alkalies,  the  corresponding  rubrocol  salts  being  formed.  The 
acetoxyfuchsone  is  unaffected  by  heating  in  glacial  acetic  acid.  When  it  is 
heated  with  acetic  anhydride,  the  orange  color  of  the  solutions  grows  paler, 
dilution  with  water  yielding  a  colorless  precipitate,  which  had  a  m.p.  of  156-158° 
after  crystallization  from  alcohol  and  all  of  whose  properties  were  identical  with 
those  of  the  product  of  the  exhaustive  acetylation  of  rubrocol  —  3^ 3 ' >5 ' -irimethoxy- 
4,4 ' ,U  "-triacetoxytriphenylcarbinol  [2] . 

The  acetoxyfuchsone  is  hygroscopic,  rapidly  gaining  weight  when  exposed  to 
the  air,  and  losing  the  water  of  crystallization  when  dried  out  at  about  100*. 

When  kept  in  a  box  in  a  desiccator  it  is  stable  for  a  considerable  period  of  time. 
When  the  acetoxyfuchsone  is  heated  in  aqueous  alcohol  or  in  aqueous  acetic  acid, 
the  solution  gradually  grows  paler.  Diluting  such  a  solution  with  water  throws 
down  a  colorless  carbinol  derivative  -  3>5*  ^5"-^'A"-diacetoxy-4-hydroxy-triphenyl- 
carbinol  . 

0.1454  g  subs.:  0.3536  g  CO2;  0.0691  g  H2O;  0.1310  g  subs.:  0.5221 
g  C02,*  0.0649  g  H2O.  Found  C  67.25,  67. 07;  H  5*35^  5-5-  C26H2408- 

Calc.  C  67.24,  H  5*12. 

A  sample  of  the  substance  was  dissolved  in  alcohol  and  saponified  with  alkali, 
acetic  acid  being  driven  off  with  steam  after  sulfuric  acid  had  been  added. 

0.2148  g  subs.:  9^^  ml  0.1  N.  NaOH;  0.2304  g  subs.:  9*76  ml  0.1  N. 

NaOH.  Found  CH3CO  groups:  18.8,  l8.22.  C22H18O6 (CH3C0)2 •  Calc. 

ia:  CH3CO  groups  18.54. 

Hydration  of  3>3' »3'*-trimethoxy-4' ,4'*-diacetoxyfuchsone.  5  g  of  the  acetoxy¬ 
fuchsone  was  placed  in  200  ml  of  50^  alcohol,  and  the  resulting  mixture  was  boiled 
for  4  hours.  1  ml  of  a  sodium  bisulfite  solution  was  added  to  the  faintly-yellow 
resultant  solution,  which  was  then  diluted  with  8OO  ml  of  water.  The  colorless 
precipitate  that  settled  out  collected  in  clumps  that  were  faintly  yellow;  they 
were  filtered  out,  washed  with  water,  and  dried.  The  yield  was  5  g-  The  precipi¬ 
tate  secured  was  purified  by  redissolving  it  in  100  ml  of  50^  alcohol  containing 
1  ml  of  bisulfite,  filtering,  and  then  adding  the  filtered  solution  drop  by  drop 
to  500  ml  of  water  that  was  stirred  very  vigorously  and  chilled  externally  with 
ice.  When  the  prodcedure  was  carried  out  with  care,  the  reaction  product  settled 
out  as  wholly  colorless  floes,  which  were  filtered  out,  washed  with  water,  and 
desiccated  in  a  vacuum  desiccator  with  solid  potassium  hydroxide.  The  product 
yield  was  4.5  g. 

The  substance  has  an  unsharp  melting  point  at  7O-8O* ,  turning  yellow.  It 
is  freely  soluble  in  alcohol, • ether ,  benzene,  and  acetic  acid.  When  the  solutions 
are  heated,  they  turn  yellow.  The  substance  does  not  react  with  bisulfite,  but 
reacts  instantly  with  it  when  heated  in  glacial  acetic  acid  (the  solution  turning 
orange -ye Ilow J .  The  substance  is  saponified  very  readily  by  acids  and  alkalies, 
yielding  salts  of  rubrocol. 

0  2114  g  subs.:  8.92  ml  0,1  N.  NaOH.  Found  CH3CO  groups:  l8.l4. 

C22H2o0t(CH3C0J2-  Calc,  CH3CO  groups:  I7.85. 

SUMMARY 

Rubrocol  (3,3 ' >3 "-trimethoxyaurinj  has  been  used  as  an  example  to  show  that 
when  hy^foxyfuchsone  dyes  are  acetylated,  the  reaction  may  be  confined  to  the  dyes' 
hydroxy  groups  if  the  conditions  used  are  mild  enough,  their  methylenequinone 
group  being  preserved.  This  results  in  the  formation  of  orange-colored  acetoxy- 
fuchsones,  hitherto  undescribed,  which  are  converted  by  further  acetylation,  this 
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time  involving  the  quinone  group  into  products  of  exhaustive  acetylation, 
with  a  polyacetoxytriphenylcarbinol  structure. 

The  acetoxyfuchsones  are  readily  hydrated,  turning  into  the  respective 
colorless  carbinol  derivatives;  the  latter  are  reconverted  into  the  acetoxy¬ 
fuchsones  by  heating  or  by  treatment  with  dehydrating  agents. 

The  acetoxyfuchsones  react  with  a  bisulfite  solution,  yielding  bisulfite 
derivatives  that  are  freely  soluble  in  water. 

VThen  the  acetoxyfuchsones  are  treated  with  acids  or  alkalies,  they  are 
rapidly  saponified,  being  converted  into  the  corresponding  salts  of  the  hydroxy- 
fuchsone  dyes. 

The  hydroxyfuchsone  dyes  can  also  be  acetylated  to  acetoxyfuchsones  by  dis¬ 
solving  the  dyes  in  a  mixture  of  pyridine  and  acetic  anhydride. 
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THE  ACTION  OF  AROMATIC  DIAZO  COMPOUNDS  UPON  ALKYLACETOXY  ESTERS  AS  A  METHOD 
OF  SYNTHESIZING  ARYL  HYDRAZONES  OF  a-KETO  ACIDS,  a-AMINO  ACIDS,  AND 

INDOLE  DERIVATIVES 


XII.  THE  SYNTHESIS  OF  d, 1-METHIONINE 


V.  V.  Feofilaktov  and  T.  N.  Ivanova 


With  the  objective  of  extending  the  field  of  applicability  of  the  method 
developed  by  one  of  the  present  authors  for  synthesizing  the  a-amino  acids  via 
the  aryl  hydrazones  of  a-keto  acids,  produced  in  turn  from  alkyl  acetoxy  esters 
[1-5],  we  have  tested  the  feasibility  of  synthesizing  methionine  preparative ly 
in  this  manner. 

The  syntheses  of  methionine  published  up  to  the  present  time  are  based  upon 
a  cyanhydrin  method,  a  method  involving  malonic  and  cyanacetic  esters,  and  a 
method  employing  a-aminobutyrolactone .  Barger  and  Coyne  [6]  effected  the  first 
synthesis  of  methionine  in  1928,  using  the  cyanhydrin  method  and  starting  with 
3-chloropropionaldehyde .  The  methionine  yield  was  6^,  based  on  the  3-methyl- 
mercaptopropionaldehyde : 


CICH2CH2CHO  CH3SCH2CH2CH(0C2H5)2 
CH3SCH2CH2CH-CN 


NH2 


CH3SCH2CH2CHO  -> 
CH3SCH2CH2CHCOOH 

NH2 


Later,  Cath  and  Graham  [7]  discovered  a  much  more  convenient  method  of  pre¬ 
paring  3-niethylmercaptopropionaldehyde,  improving  the  yield  by  directly  reacting 
acrolein  with  methanethiol  in  the  presence  of  traces  of  triethylamlne  and  securing 
methionine  by  the  cyanhydrin  method  with  a  yield  of  29^,  based  on  the  acrolein. 
Pierson,  Gilla,  and  Tishler  [8]  employed  the  previous  authors'  method  and  im¬ 
proved  the  final  stages  of  the  synthesis  of  methionine  by  the  cyanhydrin  method. 
They  converted  the  3-niethylmercaptopropionaldehyde  directly  into  a  derivative  of 
hydantoin  by  a  Bucherer  reaction  (reacting  ammonium  carbonate  and  hydrocyanic 
acid  with  the  aldehyde  in  alcohol)  and  transforming  the  latter  derivative  into 
methionine  by  means  of  hydrolysis;  the  yield  was  of  the  theoretical,  based 
on  the  hyiantoin  derivative: 

CH3SCH2CH2CHO  ->  CH3SCH2CH2CH-CO.  CH3SCH2CH2CHCOOH 

I  /NH  I 

NH-CCr  NH2 


Methionine  was  synthesized,  using  malonic  ester,  in  1950  by  Wlnduus  and  Marvel 
[9],  who  started  out  with  3-chloroethyl  methyl  sulfide  and  secured  a  2k^  yield  of 
methionine  as  follows: 
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CH3SCH2CH2CI  CH3SCH2CH2CH(C00C2H5)2  CH3SCH2CH2CH(C00H)2  -> 
CH3SCH2CH2CBr(C00H)2  CH3SCH2CH2C  (C00H)2  CH3SCH2CH2CHCOOH 

NH2  NH2 


Barger  and  Welchselbaum  [10]  improved  the  methionine  yield  considerably 
(5^+^  of  the  theoretical)  by  using  3-chloroethyl  methyl  sulfide  and  phthalimido- 
malonic  ester: 


CH3SCH2CH2CI  + 


/ 

NaC- 

\ 


COOC2H5 


y  \ 


C00C2H5 


(/ 


'C6H4 


— >  CH3SCH2CH2C- 


^00C2H5 


\ 


CO 

-N^  C6H4 
COOC2H5  ^CO"^ 


CH3SCH2CH2C 


y:ooH  Hooc^ 


\ 


COOH 


-NH 

\ 


/ 


CbH 


6^4 


CH3SCE2CH2CHCOOH 

IjH2 


Albertson  and  Tullar  [ll]  used  acetamidocyanacetic  ester  in  the  synthesis 
of  methionine,  while  Goldsmith  and  Tishler  [12]  used  acetamidomalonic  ester. 
a-Aminobutyrolactone  has  been  extensively  used  in  recent  years  in  the  synthesis 
of  methionine.  The  first  synthesis  of  this  kind  was  effected  in  1956  by  Hill  and 
Robson  [13],  the  authors  synthesizing  the  required  a-aminobutyrolactone  by  a  rather 
roundabout  process: 


CH2-CH2 

CH2-CH2 

1  1 

1  1 

NH2CH  0 

CgHsCONHCH  0 

\/ 

\/ 

CO 

CO 

CH2C1 

CH2SCH3  CH2SCH3 

— >  CH2 

1 

(!:h2  — >  CH2 

CeHgCONHCH 

1  1 

CeHsCONHCH  CHNH2 

(!oOC2H5 

(!:00C2H5  COOH 

The  reseeirch  of  Knunyants,  Chelintsev,  and  Osetrova  [l4]  and  of  Feofilaktov 
and  Onishchenko  [I5]  has  made  a-aminobutyrolactone  a  readily  available  compound, 
and  in  19^2  Snyder,  Andreen,  and  their  co-workers  [I6]  effected  a  fully  satis¬ 
factory  synthesis  of  methionine  (8^%  of  the  theoretical  yield),  employing  the  well- 
known  ability  of  a-aminobutyrolactone  to  change  into  a  derivative  of  diketopiper- 
azine  readily  when  heated: 


CH2-CH2  CO-NH 

H0CH2CH2CH'^^  yCHCH2CH20H  -> 


NH2CH  0 
^CO 
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XO-NH 


/  \ 

CICH2CH2CH  CHCH2CH2CI 

\  ../ 


NH-CO 


CH3SCH2CH2CH  CHCH2CH2SCH3 

^NH-CO^ 


2CH3SCH2CH2CHCOOH 

iH2 


In  19^5 ^  Livak,  Britton  and  others  [I7]  synthesized  methionine  from  a-amino- 
butyrolactone  via  hydantoin.  The  yield  was  951^  of  the  theoretical,  based  on  the 
hydantoin  derivative: 


CH2-CH2 

in  (!) 

\/ 

CO 


CH20H 

L  Em. 


CH2Br 


;h2-ch-nil 


(:h2Sch3 

CH2-CH-NH, 


CO-NH" 


j:H2SCH; 

CH2 

(:hnh2 


We  have  synthesized  methionine  as  follows: 

CH3SCH2CH2CI  (I) 
XOCH3 

CH3SCH2CH2CH^  (II) 

^  ^C00C2H5 


CH3SCH2CH^-C00H 


c  H3  SC  H2C  H2C- 00c  2H5 

NNHCeHs  NNHCsHs 

(III)  (III  a) 

C  H3SC  H2C  H2C  HNH2C  OOH 
(IV) 

The  initial  substances  we  used  were  acetoacetic  ester  and  6-chloroethyl 
methyl  sulfide.  3-Chloroethyl  methyl  sulfide  (l)  reacts  readily  with  sodium 
acetoacetate  to  give  a  5^^  yield  of  the  ethyl  ester  of  y-methylmercapto-a-aceto- 
butyric  acid  (ll).  The  azo  coupling  of  this  ester  with  phenyldiazonium  chloride 
yielded  the  phenylhydrazone  of  y-methylmercapto-a-ketobutyric  acid  (III),  the 
yield  being  73^  of  the  theoretical,  while  several  modifications  in  the  azo  coupl¬ 
ing  procedure  yielded  the  phenylhydrazone  of  the  ethyl  ester  of  Y-methylmercapto- 
a-ketobutyric  acid  (ill  a)  with  a  yield  that  was  71^  of  the  theoretical.  To  the 
best  of  o’or  knowledge  these  compounds  have  not  been  described  in  the  literature. 
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Reducing  the  phenylhydrazone  of  y-methylmercapto-a-ketobutyr ic  acid  (ill)  with 
zinc  dust  in  acetic  acid  gave  us  a  49^  yield  of  d,  1-methionine  (IV). 


EXPERIMENTAL 


3-Chloroethyl  methyl  sulfide  was  prepared  by  the  Kirner  method  [l8].  from 
3-hyaroxyethyl  methyl  sulfide,  which  had  a  b.p.  of  77-78°  at  30  nim;  np°  1.4851 
9.2  g  (O.l  mol)  of  3-hydroxyethyl  methyl  sulfide  in  12  ml  of  anhydrous  chloro¬ 
form  was  placed  in  a  Claisen  flask,  and  12.5  g  of  thionyl  chloride  dissolved  in 
12  ml  of  anhydrous  chloroform  was  added,  with  intermittent  stirring,  in  the  course 
of  20-30  minutes  (this  was  done  in  an  exhaust  hood).  The  reaction  mixture  was 
allowed  to  stand  for  at  least  one  hour  at  room  temperature,  after  which  the  chloro¬ 
form  was  driven  off  over  a  water  bath.  The  residue  was  fractionated  in  vacuum 
twice,  the  3-chloroethyl  methyl  sulfide  secured  (8.62  g,  iQ)'^  of  the  theoretical 
yield,  based  on  the  3-hydroxyethyl  methyl  sulfide  used)  having  the  following  con¬ 
stants:  b.p.  55-57°  at  30  mm;  np°  1.4908.  Kirner  gives  the  b.p.  as  55-56°  at 
30  mm  and  nD°  1.4902. 

Synthesis  of  the  ethyl  ester  of  y-methylmercapto-g-acetobutyr ic  acid  (II; . 

A  chilled  solution  of  sodium  ethylate,  prepared  from  2.5  g  of  sodium  (O.l  gram- 
atom)  and  40  ml  of  absolute  alcohol  was  placed  in  a  round-bottomed  flask  fitted 
with  a  reflux  condenser,  l4  g  (0.1  mol  +  lO^j  of  acetoacetic  ester  was  poured  in, 
and  20  minutes  later  11. 05  g  (0.1  mol)  of  3-chloroethyl  methyl  sulfide  was  added. 
The  liquid  turned  cloudy  at  once;  large  quantities  of  sodium  chloride  were 
thrown  down  when  it  was  heated  over  a  boiling  water  bath.  After  three  hours  of 
heating  the  reaction  became  neutral,  whereupon  the  alcohol  was  driven  off,  and 
water  was  added  to  the  chilled  reaction  mixture.  The  reaction  product  was  ex¬ 
tracted  with  diethyl  ether.  The  ether  extract  was  desiccated  with  sodium  sul¬ 
fate,  the  ether  was  driven  off,  and  the  residue  was  fractionated  twice  in  vacuum. 
The  l64-l66“  fraction  at  30  nim  constituted  11.02  g  of  the  ethyl  ester  of^- 
methylmercapto-a-acetobutyric  acid  (54^  of  the  theoretical,  based  on  the  3-chloro¬ 
ethyl  methyl  sulfide)  and  had  the  following  constants: 


b.p.  i64-166°/50  mm;  ng°  I.4768;  df°  1.0697;  MRj)  53-85;  Calc.  53-45 
for  the  keto  form  and  54-49  for  the  enol  form.  (The  atomic  refraction 
of  sulfur  is  7-97  for  R-S-R).  3.470  mg  subs.:  1.724  ml  0.02  N 

Na^SsOs.  5-837  mg  subs.  :  I.892  ml  0.02  N.  NasSsOa  (N.  E.  Geiman'e 

methoa).  Found  S  15.95,  15-80.  C9H16O3S.  Calc.  S  I5.68. 


The  ethyl  ester  of  y-methylmercapto-a-acetobutyr ic  acid  is  a  mobile 
colorless  liquid  with  a  disagreeable  garlic  odor,  which  colors  an  aqueous  solu¬ 
tion  of  ferric  chloride  a  brilliant  blue-violet. 


Synthesis  of  the  phenylhydrazone  of  Y-methylmercapto-g-ketobutyr ic  acid  (ill) 
and  of  the  phenylhydrazone  of  the  ethyl  ester  of  Y-methylmercapto-a-ketobutyr ic 
acid  (ill  a; . The  following  method  provided  the  best  yields  of  the  phenylhydra- 
zone .  4.06  g  (0.02  mol)  of  the  ethyl  ester  of  Y-methylmercapto-a-acetobutyr ic 

acid  was  added  to  sodium  ethylate  (0.46  g  of  sodium  (0.02  gram-atom)  in  24  ml  of 
absolute  alchol)  cooled  to  room  temperature.  The  resulting  sodium  derivative  was 
kept  at  room  temperature  for  30  minutes  (Solution  A; .  The  solution  of  phenyl- 
diazonium  was  prepared  in  the  usual  manner  from  2.3  g  (0.02  mol)  of  aniline  hydro¬ 
chloride,  11  ml  of  water,  2.2  ml  of  hydrochloric  acid  (d  1.19),  and  1.4  g  '{0.02 
mol)  of  sodium  nitrite  dissolved  in  5  ml  of  water  (solution  B) .  4.4  g  of  cry¬ 

stalline  sodium  acetate  dissolved  in  10  ml  of  water  (Solution  C)  was  placed  in  a 
porcelain  beaker  fitted  with  a  mechanical  stirrer  and  chilled  on  the  outside  with 
ice.  Solution  C  was  stirred  vigorously  while  the  chilled  Solutions  A  and  B  were 
added  drop  by  drop.  The  mixture  at  once  turned  brown-red,  after  which  a  red-brown 
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oil  settled  out  as  drops  on  the  walls  of  the  beaker  and  the  blades  of  the 
stirrer.  Stirring  was  continued  for  4  hours,  although  the  reaction  for  free 
diazonium  was  negative  earlier.  The  reaction  product  (the  oil)  was  extracted 
with  diethyl  ether.  After  the  ether  had  been  driven  off,  we  were  unable  to 
crystallize  the  residual  oil,  and  we  than  saponified  it  by  heating  it  with  an 
aqueous-alcoholic  solution  of  potassium  hydroxide  (I.5  g  of  KOH  in  30  ml  of 
alcohol  and  3  ml  of  water)  over  a  water  bath  with  a  reflux  condenser  for  2 
hours.  Then  the  alcohol  was  driven  off,  and  water  was  added  a  little  at  a 
time  to  the  distilling  flask;  the  neutral  tarry  products  were  extracted  with 
diethyl  ether,  and  the  alkaline  aqueous  solution  was  ice-chilled  and  then 
acidified  with  hydrochloric  acid.  The  phenylhydrazone  of  Y-methylmercapto-a- 
ketobutyric  acid  was  recovered  as  fluffy  yellow  floes.  The  product  weighed 
3*47  g  (73^  of  the  theoretical  yield)  after  being  filtered  out  and  dried  in 
a  dessicator,  fused  at  about  85“,  and  exhibited  a  distinct  Bulow  reaction 
(reddish-violet  color  with  concentrated  sulfuric  acid  and  potassium  dichromate). 

The  substance  is  freely  soluble  in  alcohol,  ether,  acetone,  and  chloroform,  and 
when  heated  in  acetic  acid  and  benzene;  it  is  insoluble  in  petroleum  ether. 

Triple  recyrstallization  from  an  alcohol-water  mixture  yielded  the  substance  as 
extremely  light  light-orange  leaflets  with  a  m.p.  of  96-97** 

3.845  mg  subs.:  0.395  ml  N2  (21°,  75^  mm).  3*867  mg  subs.:  0.390  ml 

N2  (20°,  753  mm).  Found  N  11.84,  11.64.  C11H14O2N2S.  Calc. 

N  11.76. 

An  alcoholic  solution  of  the  phenylhydrazone  was  titrated  with  aqueous  sodium 
hydroxide  (against  phenolphthalein) .  O.IO8O  g  subs.:  4.65  ml.  0.1  N  NaOH. 

Found  equiv.:  233*5*  C11H14O2N2S.  Calc,  equiv.:  238  (monobasic  acid). 

We  found  that  when  a  small  amount  of  an  aqueous-alcoholic  solution  of  potas¬ 
sium  hydroxide  was  reacted  with  the  crude  oily  product  of  the  coupling  reaction, 
the  oil  dissolved,  an  orange-colored  crystalline  precipitate  —  the  phenylhydrazone 
of  the  ethyl  ester  of  y-methylmercapto-a-ketobutyric  acid  -  settling  out  when  the 
solution  was  poured  into  water  containing  ice.  In  one  of  our  tests  this  yielded 
71^  of  the  theoretical  product,  based  on  the  phenylhydrazone  of  the  ethyl  ester 
of  y-methylmercapto-a-ketobutyric  acid.  The  substance  displayed  a  positive  Bulow 
reaction,  and  was  freely  soluble  in  alcohol,  ether,  and  acetone,  less  so  in 
acetic  acid  and  benzene,  and  insoluble  in  petroleum  ether.  Triple  recrystalliza¬ 
tion  of  the  product  from  a  mixture  of  alcohol  and  water  yielded  fine,  elongated, 
yellow  needles  with  a  m.p.  of  91-92°. 

4.695  mg  subs.:  0.449  ml  N2  (25°,  744  mm).  4.58O  mg  subs.:  0.412  ml 

N2  (24°,  742  mm).  Found  N  10.72,  10. 56.  C13H18O2N2S.  Calc. 

N  10.52. 

The  structure  of  the  resultant  product  was  established  as  that  of  the  phenyl¬ 
hydrazone  of  the  ethyl  ester  of  Y-methylmercapto-a-ketobutyric  acid  (lla)  by  sap¬ 
onifying  it  by  heating  it  over  a  water  bath  with  a  10^  alcoholic  solution  of  pot¬ 
assium  hyuroxide,  acidulation  yielding  the  phenylhydrazone  of  Y-methylmercapto-a- 
ketobutyric  acid,  which  fused  at  97° *  A  fusion  sample  mixed  with  a  preparation 
synthesized  by  the  direct  saponification  of  the  oily  product  of  the  coupling  re¬ 
action  exhibited  no  depression. 

Reduction  of  the  phenylhydrazone  of  V-methylmercapto-g-ketobutyr ic  acid  (ill) 
to  ji,~l-methionine  (IV).  2.5o  g  (0.01  molj  of  the  phenylhydrazone  of  Y-methyl- 

mercapto-a-ketobutyric  acid  (not  recrystallized)  and  24  ml  of  glacial  acetic  acid 
were  placed  in  a  round-bottomed  flask  fitted  with  a  reflux  condenser.  All  the 
phenylhydrazone  dissolved  when  the  flask  was  heated  over  a  water  bath.  Zinc  dust 
was  added  to  the  flask  a  little  at  a  time  as  dissolution  progressed.  The  color 
of  the  reaction  liquid  vanished  after  one  hour  had  elapsed,  a  total  of  4  g  of 
zinc  dust  having  been  added.  The  24  ml  of  water  was  added  in  two  batches  of  12 


1855 


ml  each  spaced  30  minutes  apeirt,  and  heating  was  continued  for  another  hour. 

When  reduction  was  complete  (as  was  indicated  by  the  negative  Bulow  reaction), 
the  flask  contents  were  treated  with  diethyl  ether,  and  the  zinc  was  eliminated 
by  passing  hydrogen  sulfide  through  the  flask.  The  filtrate  and  the  zinc-sulfate 
wash  water  were  combined  and  evaporated  to  dryness  at  60-70°  in  vacuum.  The  dry 
residue  was  dissolved  in  a  small  quantity  of  hot  water,  and  three  times  the  volume 
of  absolute  alcohol  was  added  to  the  hot-filtered  solution.  The  methionine  settled 
out  as  characteristic  colorless  elongated  hexagonal  tablets,  with  a  high  mother-of- 
pearl  luster.  Some  more  of  the  amino  acid  was  recovered  from  the  mother  liquor,  a 
total  of  0.75  g  of  methionine  being  secured  (49^  of  th'  theoretical  yield).  The 
product  had  a  m.p.  of  269-270*  (with  decomposition  in  a  sealed  capillary)  after 
it  had  been  recrystallized  from  hot  water  by  adding  absolute  alcohol. 

5.250  mg  subs.:  0.444  ml  N2  (20*,  755  mm).  U.200  mg  subs.:  0.350  ml 

Ns  (20°,  754  mm).  5-205  mg  subs.:  2.152  mi  0.02  N  NasSsOa.  3-041  mg 

subs.:  2.052  ml  0.02  N  NasSsOa  (Oelman's  method).  Found  *)(»:  N  9-80, 

9-65;  S  21.52,  21.42.  C5H11O2NS.  Calc.  N  9-4l;  S  21.47. 

Odaki  [19]  gives  the  m.p.  of  methionine  as  265°  (with  decomp.),  Barger  and 
Coyne  [6]  giving  the  m.p.  as  28l“  (with  decomp.),  Winduus  and  Marvel  [9]  giving 
272°  (with  decomp.),  and  Livak,  Britton,  and  their  co-workers  [I7]  269-270°  (with 
decomp. ) . 

SUMMARY 

The  V.  V.  Feofilaktov  method  -  synthesizing  the  a-amino  acids  from  alkyl- 
acetoxy  esters  via  the  aryl  hydrazones  of  a-keto  acids  is  applicable  fairly  uni¬ 
versally,  making  it  possible  to  synthesize  d, 1-methionine  under  comparatively 
simple  conditions. 

The  initial  substance  used  in  synthesizing  d, 1-methionine  was  the  ethyl  ester 
of  y-methylmercapto-a-acetoxybutyric  acid,  secured  in  a  54^  yield  from  acetoacetic 
ester  and  3-chloroethyl  methyl  sulfide,  which  was,  in  turn,  prepared  from  3-hydoxy- 
ethyl  methyl  sulfide. 

The  azo  coupling  of  the  ethyl  ester  of  V-methylmercapto-a-acetobutyric  acid 
with  phenyldiazonium  yielded  the  phenylhydrazone  of  the  ethyl  ester  of  V-methyl- 
mercapto-a-ketobutyric  acid  (71^  yield)  and  the  phenylhydrazone  of  Y-methylmer- 
capto-a-ketobutyric  acid  (73^  yield) . 

A  yield  of  49^  of  d, 1-methionine  was  secured  by  reducing  the  phenylhydrazone 
of  y-methylmercapto-a-ketobutyric  acid. 

LITERATURE  CITED 

[1]  V.  Feofilaktov,  J  Gen.  Chem.,  10,  247  (1940). 

[2]  V.  Feofilaktov  and  E. Vinogradov,  J. Gen. Chem.  10,  254  (1940). 

[3]  V.  Feofilaktov  and  V.  Zaitseva,  J.  Gen.  Chem.,  10,  258  (1940);  Ibid., 

J.  Gen.  Chem.,  10,  1391  (l940);  V.  Feofilaktov  and  F.  Blanko,  J.  Gen.  Chen^. ,  11, 

859  (1941);  V.  Feofilaktov  and  V.  Zaitseva,  J.  Gen.  Chem.,  13,  358  (1943)- 

[4]  V.  Feofilaktov,  V.  Zaitseva,  and  K.  Sorotkina,  J.  Gen.  Chem.,  13,i  563  (1943)- 

[5]  V.  Feofilaktov  and  A.  Ivanov,  J.  Gen.  Chem.,  15,  457  (1943)- 

[6]  G.  Barger,  F.  Coyne,  Bioch.  J.,  22,  l4l7  (1928). 

[7]  J.  Cath,  A.  Cook,  A.  Graham,  L.  Heilbron,  Nature,  159>  5T8  (1947)- 

[8]  E.  Pierson,  M.  Gilla^  ^nd  M.Tishler,  J.Am.Chem.Soc . ,  70,  1450  (194Y) 

[9]  W.  Winduus,  C.  Marvel,  J.  Am.  Chem.  Soc . ,  52,  2575  (1930). 

[10]  G.  Btirger,  T.  Weichselbaum,  Bioch.  J. ,  25,  997  (1931)- 

[11]  N.  Albertson,  B.  Tullar,  J.  Am.  Chem.  Soc.,  67,  502  (1945)- 


1856 


[12]  D.  Goldsmith,  M.  Tishler,  J.  Am.  Chem.  Soc.,  68,  1^4  (1946). 

[13]  E.  Hill,  W.  Robson,  Biochem.  J.,  30,  248  (1936). 

[14]  I.  Knunyants,  G.  Chelintsev,  and  E.  Osetrova,  Dokl.  USSR  Acad. 

Sci.,  1,  912  (1943). 

[15]  V.  Feofilaktov  and  A.  S.  Onishenko,  J.  Gen.  Chem.  9,  304  (1939). 

[16]  H.  Snyder,  G.  Andreen,  G.  Cannon,  C.  Peters,  J.  Am.  Chem.  Soc., 

64,  2082  (1942). 

[17]  J.  Livak,  E.  Britton,  J.  Vander-Weele,  M.  Murray,  J.  Am.  Chem.  Soc., 

67,  2218  (1945). 

[18]  W.  Kirner,  J.  Am.  Chem.  Soc.,  50,  2446  (1928). 

[19]  S.  Odaki,  BioctemZ.,  I61,  446  (1925). 


Received  December  25,  1949* 


Chair  of  Organic  Chemistry, 

The  K.  A.  Timiryazev  Agricultural 
Academy,  Moscow, 

Awarded  the  Order  of  Lenin 


1857 


THE  ACTION  OF  ELEMENTS  OF  THE  OXYGEN -SULFUR -SELENIUM  GROUP  ON  PRIMARY  AROMATIC 

AND  HETEROCYCLIC  AMINES 


P.  S.  Pishchimuka 


Elementary  sulfur  can  combine  with  hydrogen  directly,  forming  hydrogen 
sulfide  and  generating  heat.  This  reaction  occurs  at  an  appreciable  velocity, 
however,  only  when  the  reagents  are  heated  to  a  fairly  high  temperature.  Organic 
hydrides  likewise  give  off  HsS  when  heated  with  sulfur  to  250-500“.  HgS  is  also 
generated  when  aniline  is  boiled  for  a  long  time  with  sulfur.  Although  the  energy 
of  the  bond  between  the  hydrogen  and  the  nitrogen  in  the  amino  group  is  lower  than 
that  of  the  bond  between  hydrogen  and  carbon  in  the  aromatic  ring,  the  reaction 
entailing  the  formation  of  HgS  always  involves  the  hydrogen  atoms  attached  to 
carbon  in  aniline  (and  other  aromatic  amines),  the  hydrogen  atoms  in  the  amino 
groups  remaining  unaffected.  The  action  of  sulfur  upon  aromatic  amines  results 
in  the  formation  of  nothing  but  thiodiamines ,  such  as  (NH2C6H4)2S  from  aniline. 

This  phenomenon,  which  is  incomprehensible  at  first  glance,  can  be  explained 
quite  readily.  If  the  H2S  were  produced  from  the  hydrogen  atoms  of  the  amino 
groups,  an  aromatic  amine  would  yield  hydrazo  or  azo  compounds;  we  know  that 
the  latter  are  very  easily  reduced  to  the  initial  amine  by  hydrogen  sulfide.  It 
must  be  assumed  that  the  H2S  is  principally  (and  possibly  exclusively)  formed 
from  the  hydrogen  atoms  in  the  amino  groups (and,  it  may  be,  at  even  lower  temper¬ 
atures),  but  this  formation  is  masked  by  the  high-velocity  reverse  reduction 
reactions;  only  when  the  temperature  has  been  raised  high  enough  does  the  hydro¬ 
gen  begin  to  split  out  of  the  carbon  ring  and  form  thioamines  that  cannot  be  re¬ 
duced  by  hydrogen  sulfide.  In  fact,  if  we  employ  substances  that  can  bind  H2S 
directly  as  soon  as  it  is  formed,  the  reaction  between  the  sulfur  and  the  amine 
occurs  readily,  even  in  the  cold,  and  all  the  H2S  is  evolved  from  the  hydrogen 
atoms  of  the  amino  groups,  the  hydrogen  atoms  in  the  ring  remaining  untouched. 

This  splitting  out  of  hydrogen  converts  aromatic  amines  into  azo  and  hydrazo 
compounds.  Under  the  prevailing  reaction  conditions  the  latter  (diphenyline, 
benzidine,  and  semidine;  undergo  the  intramolecular  reeirrangements  that  are 
characteristic  of  these  compounds,  the  further  dehydrogenation  by  sulfur  yield¬ 
ing  azines  and  thiazine  dyes  as  secondary  products.  Of  the  many  products  that 
can  bind  the  H2S  evolved  in  this  reaction  without  retarding  the  reaction  itself, 
only  the  nitrogenous  compounds  of  mercury  proved  to  be  suitable,  provided,  however, 
that  at  least  one  of  the  mercury's  vaience  bonds  be  attached  to  the  nitrogen  atom. 
This  condition  is  satisfied  by  the  mercury  derivatives  of  acid  amides  and  imides 
and  by  ammines  of  mercury  salts.  Mercury  salts  can  also  bind  H2S  in  this  reaction, 
but  only  when  they  constitute  double  compounds  with  the  reacting  amine.  Mercuric 
chloride  and  aniline  form  the  compound  2C6H5NH2 *HgCl2,  for  example.  It  may  be 
readily  shown  that  the  structure  of  this  compound  is  such  that  one  of  the  mercury's 
valence  bonds  is  attached  directly  to  the  nitrogen  atom: 

2C6H5NH2*HgCl2  =  CeHsNHaCl-CeHsNHHgCl. 
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If  the  mercury  salt  cannot  form  a  double  compound  with  the  amine,  it  is  totally 
useless  for  the  reaction  in  question,  the  only  reaction  products  secured  then 
being  thioamines.  When  a  passive  salt  of  this  sort  is  converted  into  its  amine, 
the  latter  gives  rise  to  the  same  products  as  the  mercury  derivatives  of  amides 
and  imides  (i.e. ,  azines  and  dyes)  in  the  reaction  of  the  amine  with  sulfur. 

We  have  been  able  to  prove  that  when  a  mercury-nitrogen  compound  possess¬ 
ing  two  bonds  between  the  mercury  and  the  nitrogen  (mercury-substituted  amides 
and  imides)  is  involved  in  the  reaction  of  sulfur  with  an  aromatic  amine,  the 
bulk  of  the  reaction  product  consists  of  azo  compounds,  the  formation  of  other 
products  being  secondary.  If  the  mercury-nitrogen  compound  contains  only  one 
nitrogen  atom  attached  to  the  mercury,  the  sole  products  formed  are  azines  and 
dyes.  The  reaction  is  smooth  in  the  former  case  (rapid  and  with  a  high  yield 
of  azo  compounds),  but  is  much  slower  in  the  latter  case,  requiring  prolonged 
heating  (as  much  as  several  days)  at  100-150*. 

We  effected  the  reaction  of  an  amine  with  sulfur  and  a  mercury-nitrogen 
compound  in  a  neutral  liquid  medium  (hydrocarbons  and  halogen  derivatives)  by 
digestion  in  the  cold  or  by  boiling  (for  the  retarded  reactions).  It  should  be 
noted  that  the  mercury-nitrogen  compounds  employed  in  this  reaction  are  wholly 
insoluble  in  the  specified  liquid  media. 

The  next,  heavier,  analog  of  sulfur  in  the  periodic  system  -  selenium  - 
proved  to  be  completely  passive  with  aromatic  amines,  as  might  have  been  pre¬ 
dicted.  This  has  been  confirmed  experimentally  by  Cornelius  [1],  who  showed 
that  amines  do  not  react  with  selenium  in  the  cold  or  when  heated,  not  even  in 
sealed  tubes  or  when  catalysts  are  employed.  It  was  found  however,  that  even 
selenium  converts  aromatic  amines  into  azo  compounds,  azines,  and  dyes  —  deri¬ 
vatives  of  selenium  azines  -  very  easily  when  the  specified  mercury  compounds 
are  used.  Hence,  here  too,  the  reaction  involves  the  splitting  out  of  hydrogen 
atoms  from  the  amino  groups,  as  in  the  case  of  sulfur.  It  should  be  stressed, 
moreover,  that  the  reaction  with  selenium  is  much  easier  than  with  sulfur,  high 
product  yields  being  attained.  The  yields  of  azo  compounds  given  in  the  table 
were  obtained  in  reactions  with  Se. 

I.  ^^omatic  and  heterocyclic  primary  amines.  The  results  of  experiments 
carried  out  with  2b  aromatic  and  heterocyclic  amines  served  as  the  basis  for 
our  conclusion  that  primary  aromatic  and  heterocyclic  amines  are  converted  into 
azo  compounds,  azines,  and  dyes  when  reacted  with  S  or  Se  in  the  presence  of  mer^ 
cury-nitrogen  compounds  (mercury  substituted  amides  and  imides,  mercury  salts, 
and  ammines  of  mercury  salts).  These  amines  are  listed  in  the  following  table 
( see  next  page ' . 

An  apparent  exception  to  this  rule  is  the  inability  of  the  ortho  nitro- 
amines  (o-nj.troaniline,  o-nitrotoluidine,  2,4,6-nitrochloronitroaniline;  to  re¬ 
act  with  either  S  or  Se.  Under  the  prevailing  reaction  conditions  the  amino 
groups  are  not  present  in  these  substances,  owing  to  the  presence  of  a  hydrogen 
bond  between  the  nitro  and  amino  groups.  These  so-called  nitroamines  cannot, 
therefor-?,  be  classed  as  aromatic  compounds  or  as  primary  amines. 

The  composition  and  structure  of  the  amines  to  be  dehydrogenated  affect  the 
nat’ure  and  7/ield  of  the  reaction  products  very  substantially.  Let  us  cite  the 
following  as  examples  of  this.  In  the  presence  of  mercury  acetamide  selenium 
yield*  as  much  as  72^  of  azobenzene  from  aniline,  while  sulfur  barely  yields  5^* 
This  difference  between  the  action  of  sulfur  and  selenium  disappears  almost  com¬ 
pletely  in  the  reaction  with  p-d ime thy lani line  or  with  the  naphthylamines .  The 
ethyh  ester  of  £-aminobenzoic  acid  yields  85%  of  an  azo  compound,  while  p-amino- 
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No. 

Amine 

^  yield 
of  azo 
compound 

^  yield 
of  dye 

No. 

Amine 

^  yield 
of  azo 
compound 

mm 

1 

Aniline  . 

71.4 

8.3 

14 

£-Aminophenol .... 

- 

Great 

2 

m-Nitroaniline . 

62.5 

Slight 

15 

Methyl  anthra- 

3 

p-Nitroaniline . 

70.1 

Slight 

nilate  . 

- 

- 

4 

£-Anisidine. . . . 

62.3 

23.0 

16 

Nitroaminophen- 

5 

o-Toluidine. . . . 

36.1 

29.9 

ylsulfide-4,4 ' . . 

- 

- 

6 

m-Toluidine. . . . 

60.2 

28.1 

17 

Diaminodiphenyl 

7 

p-Toluidine. . . . 

73.3 

10.2 

sulfide-4,4 ' .... 

- 

- 

8 

m-Xylidine. .... 

60.2 

Slight 

18 

Naphthylamine  (a) 

- 

Great 

9 

Ethyl  p-amino- 

Great 

benzoate. ..... 

84.8 

5.1 

19 

Naphthy lamine  ( 3 ) 

— 

34^  naphth 

10 

£-Chloraniline . 

82.5 

12.5 

azine 

11 

£-Aminoazoben- 

i  20 

Sulfanilamide. . . . 

- 

- 

zene . 

41.5 

- 

21-23 

Phenylenediamines 

12 

o-Tolueneazo- 

(ortho,  meta. 

toluidine . 

78.4 

13.9 

and  para) . 

- 

Great 

13 

^-Aminodimeth- 

24 

Benzidine . 

- 

Great 

ylaniline . 

50.0 

Great 

25 

Aminopyridine  (a) 

- 

- 

‘  26 

Aminoquinoline  (3) 

70 

- 

phenol  yields  none  at  all  under  the  same  reaction  conditions.  It  may  be  regarded 
as  definitely  proved  that  the  ortho  isomers  produce  the  lowest  yields  of  azo  com¬ 
pounds,  and  the  para  isomers  the  highest. 

Thus,  the  reaction  of  primary  aromatic  (and  heterocyclic)  amines  with  S  and 
Se  is  as  characteristic  of  these  compounds  as  their  diazotization. 

II.  Mercury-nitrogen  compounds.  The  author  of  this  report  has  prepared 
about  40  different  mercury  derivatives  of  acid  amines,  imides,  mercury  salts, 
and  the  latter's  ammines.  All  of  them  proved  to  be  active  in  the  reaction  of 
aniline  (and  other  primary  aromatic  and  heterocyclic  amines)  with  S  (and  Se). 

They  were: 

Mercury  salts;  1-2)  mercuric  and  mercurous  chloridesj  3-^)  mercurous  and 
mercuric  nitrates;  5)  mercurous  sulfate;  6)  mercuric  acetate;  7)  mercuric 
phthalate;  8)  mercuric  urate;  9)  mercuric  theobromate;  10)  mercuric  diethyl- 
barbiturate  . 

Ammines  of  mercury  salts  of  the  following  acids;^  11)  succinic;  12)  ben¬ 
zoic;  15)  salicylic. 

Mercury  substitution  derivatives  of  the  following  amides  and  imides ;  l4) 

acetamide;  15)  propionamide ;  16)  benzamide;  17)  phthalamide;  iH)  ^thalimide; 

19)  succinamide;  20)  succinimide;  21)  csirbamide;  22)  biuret;  23)  cyanamide; 
24)  guanidine;  25)  cyanoguanidine;  26-27)  benzenesulfamide  (2  prepeu'ations) ; 
28-29)  toluenesulfamide  (2  preparations);  30-51)  sulfanilamide  (2  prep6U*ations) ; 
32)  saccharin;  3)  acetylsulfanilamide;  3^)  sulfazole;  35)  sulfidine;  36)  pyr- 
idylnitramide;  37)  mercury  aniline;  5S)  white  precipitate. 

Except  for  the  mercury  derivatives  of  acetamide,  propionamide,  benzamide, 
and  succinimide,  none  of  the  mercury  substitution  derivatives  of  the  amides  or 


^)  The  salts  of  these  acids  do  not  form  double  compounds  with  aniline,  so 
that  the  latter  proved  to  be  completely  passive  with  S  and  Se,  no  reaction  occur- 


imides  is  soluble  in  water  or  in  alcohol.  The  best  method  of  preparing  them  is 
to  react  a  solution  of  mercuryacetamide  (readily  available)  with  aqueous  or  alco¬ 
holic  solutions  of  the  amides  or  imides.  This  yields  satisfactorily  pure  mercury 
substitution  derivatives. 

It  was  asserted  above  that  when  S  or  Se  is  reacted  with  primary  aromatic 
(or  heterocyclic)  amines  in  the  presence  of  mercury-nitrogen  compounds  that  are 
known  to  contain  a  mercury  atom  linked  to  two  nitrogen  atoms  (mercury-substituted 
amides  and  imides),  symmetrical  azo  compounds  are  the  principal  products  of  the 
reaction.  When  the  mercury-nitrogen  compounds  employed  have  the  mercury  linked 
to  a  single  nitrogen  atom  (salts,  ammines),  no  azo  compounds  are  formed,  azines 
and  dyes  being  synthesized.  However,  even  in  the  first  case  the  formation  of 
the  azo  compounds  is  accompanied  by  the  production  of  more  or  less  of  the  dyes. 
The  fact  that  the  dyes  always  accompany  the  azo  compounds  (which  constitute  the 
bulk  of  the  reaction  product)  may  be  attributable  to  the  presence  of  tautomeric 
mercury  substitution  derivatives  of  the  amides  and  imides. 

We  may  conclude  from  the  extensive  literature  on  alkyl-substituted  amides 
and  imides  [2-11]  that  the  amides  and  imides  that  are  alkyl-substituted  at  the 
oxygen  atom  are  chiefly  or  exclusively  formed  from  amides  (or  imides)  at  low 
temperatures,  while  those  that  are  substituted  at  the  nitrogen  atom  are  formed 
at  high  temperatures.  It  is  therefore  obvious  that  the  imino  acid  form  is  stable 
in  the  cold,  being  converted  into  a  true  amide  when  the  temperature  is  raised. 

The  same  must  be  true  of  metallic  derivatives  of  acid  amides  (and  imides),  but 
the  transformation  of  a  salt  of  an  imino  acid  into  the  form  of  a  metallic  deri¬ 
vative  of  a  true  amide  must  involve  the  formation  of  intermediate  products, 
which  will  lie  sort  of  halfway  between  the  salt  and  the  metallic  substitution 
derivative  of  the  amide.  In  the  case  of  mercury  acetamide,  this  may  be  depicted 
as  follows: 


Hg  -  salt  of  an  imino  acid.  Intermediate  product.  Substituted  amide. 

The  salt  is  passive,  while  dehydrogenation  of  the  intermediate  product  containing 
mercury  linked  to  nitrogen  and  oxygen  yields  azines  and  dyes,  and  that  of  the 
amide  with  mercury  attached  to  the  nitrogen  and  azo  compound.  A  transformation 
of  this  sort  is  conceivable  for  any  metallic  substitution  derivative  of  an  amide 
or  imide . 

Acetamide,  benzamlde,  succinimide,  and  phthalimide  are  amido  derivatives  of 
weak  fAcids,  so  that  their  corresponding  metallic  substitution  derivatives  will 
consist  of  tautomeric  mixtures  of  all  the  isomers,  even  at  low  temperatures,  and 
the  dehydrogenation  reaction  can  occur  without  the  application  of  heat.  Indeed, 
when  the  foregoing  mercury-substituted  amides  and  imides  are  used,  aniline  (like 
many  other  aromatic  primary  amines)  yields  all  three  types  of  reaction  product; 
azo  compounds,  azines,  and  dyes  even  at  room  temperature  (and  more  quickly  when 
heated).  The  amides  and  imides  of  strong  acids,  such  as  sulfanilamide  and  sac¬ 
charin,  behave  otherwise.  It  is  unlikely  that  the  generally  accepted  amide  and 


1862 


imide  forms  apply  to  these  compounds.  The  streptocide,  for  example,  is  neutral¬ 
ized  by  alkaline  bicarbonates  as  well  as  by  alkalies,  yielding  stable  salts. 
There  is  no  doubt  that  it  is  not  the  amide  as  such  but  its  isomers:  the  dibasic 
sulfanitrido  acid  (a)  and  the  monobasic  sulfanilimino  acid  (b),  that  take  peurt 
in  the  neutralization  process: 


(aj  (bj 


Here  we  encounter  a  paradoxical  phenomenon.  The  amino  group  converts  a  mono¬ 
basic  sulfonic  acid  into  a  dibasic  one  when  it  enters  the  sulfo  group: 


/ 

R-&-NH2 

V 


-> 


The  author  of  this  report  has  prepared  the  mercury  salts  of  sulfanil- 
nitrido  acid,  both  acid  and  neutral: 


The  foregoing  applies  with  even  greater  force  to  saccharin.  The  gen¬ 
erally  accepted  structure  of  the  latter  as  an  imide  of  ortho  sulfobenzoic  acid 
is  wholly  unsuitable.  Saccharin  is  a  very  strong  acid,  yielding  stable  salts 
with  almost  all  cations.  Its  dissociation  constant  is  higher  than  that  of  acetic 
acid.  Its  mercury  salt  is  readily  produced  by  a  double  decomposition  reaction 
with  mercury  acetamide.  Thus  mercurysacchar in  is  the  salt  of  the  isomeric  imide 
of  sulfonitrido  benzoic  acid  (AJ .  These  mercury  salts  of  the  streptocide  and  of 
saccharin  (like  those  of  other  sulfamidesj  are  gradually  converted  by  heating  to 
at  least  150°  into  amides  (or  imidesj  that  are  partially  substituted  at  the  nitro¬ 
gen  atom,  and  only  at  this  temperature  do  they  cause  the  transformation  of  aniline 
into  a  dye  by  sulfur  or  selenium  dehydrogenation;  no  azo  compounds  are  formed. 
Hence,  at  150°  the  mercury  salt,  say  of  saccharin,  is  isomer ized  to  a  mercury 
imide  that  is  partially  substituted  at  the  nitrogen  atom: 


i.e. ,  into  a  form  that  can  convert  an  amine  into  a  dye  (presence  of  the  N-Hg-0 
group) . 

Dei<ending  upon  the  acids  whose  derivatives  they  are,  all  other  mercury  amides 
and  imides  occupy  positions  that  lie  between  these  two  extreme  examples:  many 
mercury  amide  forms  existing  in  the  case  of  mercury  acetamide  and  their  almost  com 
plete  absence  in  the  mercury  derivative  of  saccharin. 
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Thus  there  can  be  no  doubt  about  the  relationship  between  the  structure  of 
the  merc’ury  derivative  and  the  composition  of  the  dehydrogenation  products  of 
aromatic  amines. 

The  conversion  of  mercury  salts  of  imino  acids  into  substitution  derivatives 
of  amides  occurs  at  high  temperature,  as  stated  above.  The  inverse  transition 
of  the  mercury  amide  substitution  derivative  into  the  form  of  a  mercury  salt  of 
an  imino  acid  takes  place  when  the  preparation  is  kept  for  a  long  time.  Thus, 
the  highly  active  mercury  acetamide  proved  to  be  wholly  useless  for  dehydrogenation 
in  the  cold  after  the  lapse  of  12-15  /’ears.  Heatins’  restored  its  original  activity. 
This  is  an  instance  of  reversible  isomerization  by  heat,  and  indicates  the  tautom¬ 
er  ism  of  mercury  amides  and  imides. 

The  structure  of  merc'ory-nitrogen  compounds  apparently  also  depends  upon 
the  medi:im  in  which  they  are  placed,  say  the  solvent  if  the  substance  is  in  solution. 
It  was  established  long  ago  that  hydrogen  sulfide  does  not  throw  down  mercuric 
sulfide  from  an  aqueous  solution  of  mercury  acetamide,  though  HgS  is  readily 
formed  in  an  alcoholic  solution.  It  is  natural  to  suppose  that  the  preparation 
dissolved  in  water  is  the  mercury  salt  HgCOCNHCHa^s,  while  the  one  dissolved  in 
alcohol  is  the  S’^bstituted  amide  Hg(NHC0CH3  js .  Inasmuch  as  we  know  from  the  fore¬ 
going  that  in  an  aqueous  solution  the  mercury  in  mercury  acetamide  is  linked  to 
oxygen,  and  in  an  alcoholic  solution  to  nitrogen,  we  may  readily  infer  that 
mercury  will  be  split  out  by  hydrogen  sulfide  more  easily  when  it  is  linked  to 
the  nitrogen  in  a  mercury  amide  compound,  while  this  action  will  be  harder  and, 
hence,  slower,  when  it  is  linked  to  oxygen. 

We  may  now  attempt,  on  the  basis  of  what  has  been  set  forth  above,  to 
establish  the  reason  for  the  relationship  between  the  structure  of  the  mercury- 
-nitrogen  compounds  used  in  dehydrogenating  aromatic  amines  with  sulfur  or  seleni’um 
and  the  composition  of  the  resulting  dehydrogenation  products. 

III.  The  mechanism  involved  in  the  conversion  of  amines  into  azo  compounds, 
az ine s ,  and  lye s .  There  can  be  no  doubt  about  the  mechanism  involved  in  the 
formation  of  azo  compounds  by  the  action  of  S  or  Se  upon  primary  aromatic  (or 
heterocyclic)  amines.  The  azo  compounds  are  the  products  of  the  junction  of 
two  aryl-nitrogen  radicals.  The  structure  of  the  dyes  may  be  determined  from 
the  struct'ure  of  the  intermediate  reaction  products  and  is  confirmed  by  their 
identity  with  dyes  produced  synthetically. 

The  author  of  this  report  has  succeeded  in  reacting  a -napthylamine  with 
S  (a  less  active  agent  than  Se)  at  -low  temperature  (4-5'*)  and  isolating  from  the 
reaction  products  a  crystalline  substance  whose  composition  and  properties  oxidiz¬ 
ability  ^.c  a  dye,  conversion  into  a  dye  by  the  action  of  S  or  Se)  indicated  it  was 
secondary  amincdinaphthylamine .  Thus,  the  intermediate  nroduct  of  the  action  of 
S  ''Se)  on  primary  aromatic  amines  is  a  hydrazo  compound,  which  is  isomerized  under 
the  reaction  conditions,  as  is  characteristic  of  hydrazo  compounds,  into  a  second¬ 
ary  amine  with  an  amino  group  in  the  ortho  or  para  position  (and  ortho  or  para 
semidine  rearrangement),  or  into  benzidine  or  diphenyline  (in  the  case  of  hydrazo- 
benzene )  . 

If  the  hydrazo  compound  formed  during  the  first  phase  of  the  reaction  under¬ 
goes  a  benzidine  (or  diphenyline)  rearrangement,  the  resulting  diamine  reacts 
f’orther  with  the  S  (or  Se)p*epeating  this  reaction  and  yielding  a  group  of  dyes 
that  may  be  called  benzidine  dyes  (or  diphenyline  dyes  ,  r«=‘spectively) . 

There  are  two  possible  cases  of  an  ortho  semidine  rearrangement.  If  the  S 
^or  the  Se)  detaches  hydrogen  atoms  from  the  carbon  atoms  and  from  the  amino  group 

Similar  s-.bstances  are  formed,  of  course,  from  the  other  aromatic  amines. 
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at  the  ortho  position  in  the  subsequent  dehydrogenation,  we  get  an  azine  (phenazine, 
naphthazine) .  But  if  the  S  (or  the  Se>  detaches  2  hydrogen  atoms  from  the  benzene 
ring  (and  it  is  easy  to  carry  out  such  a  reaction^,  we  get  aminothiodiphenylamine 
with  the  amino  group  in  the  ortho  position.  The  further  action  of  the  S  (or  the 
Se)  detaches  another  2  hydrogen  atoms  from  both  of  the  nitrogen  atoms,  thus  giving 
rise  to  an  ortho  thiazine  dye .  The  same  thing  occurs  in  a  para  semidine  isomer¬ 
ization,  a  £-semidine  dye  being  produced.  We  can  thus  explain  the  formation  of 
numerous  and  vairied  dyes  produced  in  the  reaction  described. 

The  selenazine  dye  I  isolated  was  compared  with  the  dye  synthesized  different¬ 
ly  by  Cornelius  [l],  and  was  found  to  be  identical  with  the  latter.  The  structure 
of  Cornelius'  dye  is  as  follows  (i.e.  that  of  a  selenazine  para  dye): 


NH 


The  considerations  set  forth  above  indicate  that  the  following  outline  of 
the  action  of  S  (or  Se)  upon  primary  aromatic  (or  heterocyclic)  amines  is  satisfact 
orily  established. 
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The  first  product  of  dehydrogenation,  which  is  formed  from  every  amine,  is  a 
hydrazo  compound  (hydrazohenzene) ^ .  But  this  reaction  can  take  place  only  in  the 
presence  of  another,  peLrallel  reaction,  involving  the  binding  of  the  hydrogen 
sulfide  evolved  by  a  mercury-nitrogen  compound.  It  may  also  be  supposed  that  the 
formation  of  HgS  is  the  source  of  the  energy  required  for  the  dehydrogenation 
reaction.  If  the  H2S  (or  HgSe)  is  carried  away  from  the  field  of  the  reaction 
fast  enough,  which  requires  an  adequate  quantity  of  the  mercury  amide  form  (N-Hg- 
N),  as  is  apparent  from  the  foregoing,  the  subsequent  dehyrogenation  of  the  hydrazo 
compound  results  in  the  formation  of  an  azo  compound;  whereas,  if  the  binding  of 
the  HgS  (or  HgSe)  meets  with  difficulty,  owing  to  the  absence  of  the  above- 
mentioned  form,  dehydrogenation  is  slowed  down,  and  the  hydre-^o  compound  may 
undergo  a  series  of  rearrangements,  such  as  a  benzidine  rearrangement  and  ortho 
and  para  semidine  rearrangements,  so  that  further  dehydrogenation  results  in  the 
formation  of  the  substances  depicted  in  the  above  diagram:  benzidine  dyes,  ortho 
and  para  semidine  dyes,  and  azines. 

Hence,  the  faster  the  mercury  salt  of  an  imino  acid  and  a  mixed  amido- 
mercury  salt  are  isomer ized  into  a  completely  substituted  mercury  amide,  the 
higher  will  be  the  yield  of  the  azo  compound,  while  slowing  down  of  this  process 
results  in  an  increase  of  azines  and  dyes  among  the  reaction  products  at  the 
expense  of  the  azo  compound,  and  the  total  absence  of  a  mercury-nitrogen  compound 
having  a  N-Hg-N  group  makes  the  formation  of  any  azo  compound  impossible  (mercury 
salts  and  amines  of  mercury  salts). 

Thus,  we  see  the  reason  for  the  relationship  between  the  amount  and  nature 
of  the  products  formed  in  the  dehydrogenation  of  aromatic  amines  and  the  presence 
as  well  as  the  relative  amount,  of  the  mercury-nitrogen  forms  present  in  the  taut¬ 
omeric  mixture. 

When  the  infusible  precipitate  is  heated  for  a  long  time,  it  yields  a  slight 
amo’ont  (up  to  3^)  of  azobenzene  from  aniline,  in  addition  to  the  dyes.  No  isomer¬ 
ization  takes  place  here,  of  course.  The  formation  of  the  azo  compound  may  be 
attributed  to  the  dissociation  of  the  precipitate  by  heating  into  a  mixture  of 
mercuric  chloride  and  mercury  amide: 

2HgNH2Cl  — >  HgClg  +  Hg(NH2)2. 

As  a  rule  mercuric  chloride  forms  dyes  from  aniline,  while  mercury  amide  forms 
azobenzene . 

IV  Selenium.  Like  sulfur,  elementary  selenium  has  many  allotropic  modific¬ 
ations.  Some  of  them  display  much  higher  activity  in  chemical  reactions  than  the 
analog  of  selenium  consisting  of  lighter  atoms  -  sulfur.  This  is  possible  only 
when  the  micromolecule  consists  of  fe'we' atoms  than  the  sulfur  molecule.  As  we  know 
the  latter  consists  of  8  atoms  in  solutions.  According  to  Beckman  the  Se  molecule 

It  is  not  impossible,  however,  that  an  azo  compound  is  formed  from  two  phenyl- 
nitrogen  radicals  when  two  hydrogen  atoms  are  detached  from  the  nitrogen. 
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also  consists  of  8  atoms  in  solution.  This  is  doubtful,  since  if  it  were  so 
selenium’s  higher  chemical  activity  than  sulfur  would  be  wholly  inexplicable. 

It  must  be  stressed,  moreover,  that  in  the  series  of  experiments  described  in 
the  present  paper  the  S  reacted  in  the  dissolved  state,  while  the  Se  was  insoluble 
in  all  the  solvents  I  employed.  The  higher  chemical  activity  of  elementary  Se  was 
manifested,  first,  in  its  ability  to  split  out  hydrogen  from  the  amino  groups  of 
aromatic  amines  even  in  the  cold,  yielding  H2Se.  In  two  parallel  tests  the  re¬ 
action  of  Se  with  aniline  and  with  mercury  acetamide  in  the  cold  was  completed  in 
8  days,  while  the  analogous  reaction  with  S  dragged  out  for  several  months  (though 
the  reaction  ought  to  be  promoted  by  the  fact  that  the  S  was  in  the  dissolved  state, 
since  both  reactions  were  carried  out  in  benzene). 

Second,  Se  can  decompose  water  at  a  relatively  low  temperature.  When  Se 
is  heated  with  benzene  containing  hygroscopic  water  in  the  presence  of  mercury 
amide  compounds,  the  reactions: 

a )  3Se  +  3H2O  ■  2H2Se  +  H2Se03 

and 

b)  H2Se  +  H2Se03  +  2Hg(NHC0R)2  HgSe  +  HgSe03. 

were  completed  in  4  hours  in  the  case  of  mercury  acetamide  and  in  10  days  with 
mercury  benzamide.  Sulfur  displays  absolutely  no  hydrolyzing  action  under  these 
conditions  and,  hence,  does  not  decompose  water. 

Only  the  Se  precipitated  by  acids  as  a  red  powder  from  its  solutions  in  sul¬ 
fite,  caustic  and  cyanogen  alkalies  or  precipitated  by  reducing  agents  from  solu¬ 
tions  of  selenous  acid  possesses  this  activity.  It  is  worthy  of  note  that  the  red 
Se  precipitated  from  solutions  in  various  ways  also  displays  varying  degrees  of 
activity.  This  activity  disappears  entirely  when  the  red  modification  is  heated 
to  about  90“ •  It  is  remarkable  that  when  the  Se  is  heated  with  mercury-nitrogen 
compounds,  its  activity  is  retained  even  when  it  is  heated  to  I5O* . 

V.  Conclusion.  The  diagram  of  the  dehydrogenation  of  primary  aromatic  amines 
with  a  mercury-nitrogen  compound  (such  as  mercury  amide): 

fazo  compounds 

ArNH2  +  Se  +  Hg(NHC0R)2  +  medium  — >  c  azines 

[dyes 

obviously  shows  that  the  expenditure  of  the  amine  as  well  as  of  the  dehydrogenat¬ 
ing  agent  (Se)  in  the  reaction  is  quantitatively  bound  up  with  the  consumption  of 
the  mercury  amide.  Since  the  amount  of  the  latter  may  be  measured  quite  accurately 
at  any  instant  during  the  reaction,  the  rate  at  which  the  mercury  amide  compound 
is  consumed  indicates  the  overall  velocity  of  the  reaction  in  question  as  a 
function  of:  aj  the  composition  and  structure  of  the  aromatic  or  heterocyclic 
amine;  b)  the  composition  and  structure  of  the  mercury-nitrogen  compound;  c)  the 
modification  of  the  dehydrogenating  agent;  and  dj  the  medium  in  which  the  reaction 
is  carried  out. 

Inasmuch  as  the  rate  at  which  the  amine  is  dehydrogenated  evidently  depends 
on  the  strength  of  the  bond  between  the  hydrogen  and  the  nitrogen  in  the  amino 
group,  while  this  bond  strength,  in  turn,  is  a  function  of  the  distance  between 
these  two  atoms,  the  relationship  between  the  reaction  velocity  and  the  atomic 
distances  may  be  determined  quantitatively  by  comparing  the  dehydrogenation  rate 
with  the  atomic  distances  in  various  derivatives  of  a  single  amine. 

Moreover,  determining  the  reaction  velocity  enables  us  to  derive  a  quantitative 
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expression  for  the  magnitude  of  the  induction  effect  produced,  ceteris  paribus, 
by  different  substituents  and  their  different  positions  with  respect  to  the  amino 
group.  A  comparison  of  the  dehydrogenation  rates  of  a  and  3  naphthylamines,  for 
example,  would  enable  us  to  express  the  magnitude  of  the  inductive  effect  of  the 
side  chain  upon  the  bond  energy  of  the  elements  in  the  amino  group  quantitatively 
for  any  given  position. 

The  same  is  true,  obviously,  of  mercury-nitrogen  compounds.  By  changing  the 
mercury-nitrogen  compounds  employed  in  the  foregoing  diagram  we  can  judge  the 
relationship  between  the  reaction  velocity  and  the  distance  between  the  mercury 
and  nitrogen  atoms  from  a  comparison  of  the  reaction  velocity  and  these  inter¬ 
atomic  distances. 

Once  we  have  established  the  reaction  rates  for  various  modifications  of 
selenium,  we  can  select  the  most  active  one  to  make  a  comprehensive  study  of 
its  properties  and  endeavor  to  establish  the  reason  for  its  activity. 

We  know  that  the  medium  in  which  any  given  chemical  reaction  occurs  influences 
the  reaction  rate  and,  sometimes  the  course  of  the  reaction  between  the  reagents. 

By  changing  the  medium  in  the  reaction  described  we  could  describe  this  influence 
quantitatively  for  any  given  medium. 

Many  other  instances  could  be  found  of  the  applicability  of  this  reaction 
and  of  its  reaction  velocity  in  solving  various  problems  in  chemical  kinetics. 

SUMMARY 

1.  When  primary  aromatic  (and  heterocyclic)  amines  are  reacted  with  S  or 
with  red  Se,  they  are  smoothly  converted  into  azo  compounds,  azines,  and  thiaz- 
ine  (selenazine)  dyes. 

2.  This  reaction  takes  place  only  when  mercury-nitrogen  compounds  are 
involved  in  it  (mercury  substitution  derivatives  of  amides  and  imides,  and  ammines 
of  mercury  salts). 

3.  The  parallel  formation  of  azo  compounds,  azines,  and  dyes  in  this  reaction 
is  due  to  the  tautomeric  state  of  these  mercury-nitrogen  compounds. 

4.  The  azo  compounds  are  formed  directly  from  the  primary  amine,  while  the  dyes 
and  azines  are  formed  as  the  result  of  a  prior  transformation  of  the  amine  into 

a  hyctrazo  compound,  followed  by  the  latter's  rearrangement. 

5-  The  high  activity  of  the  red  modification  of  selenium,  as  compared  to 
that  of  sulfur,  may  be  due  to  the  lower  weight  of  its  micromolecule  (probably  802) • 

6.  The  reaction  described  in  this  report  may  be  employed  to  solve  various 
problems  in  chemical  kinetics. 
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THE  N-ARYL  AMIDES  OF  HYDROXYCARBOXYLIC  ACIDS 
AND  THEIR  CONVERSION  INTO  HETEROCYCLIC  COMPOUNDS 


IV.  THE  MECHANISM  INVOLVED  IN  THE  REACTION  OF  ORGANOMAGNESIUM  COMPOUNDS  WITH  THE 
ESTERS  OF  N-ARYL-SUBSTITUTED  AMIDES  OF  DICARBOXYLIC  ACIDS 


P.  A.  Petyunin  and  N.  G.  Panferova 


Esters  of  N-aryl-substituted  amides  of  dicarboxylic  acids  of  the  RNH-CO- 
(CH2)n~COOR'  type  contain  two  functional  groups:  the  ester  and  the  aryl  amide 
groups.  Recent  papers  have  shed  adequate  light  upon  the  mechanism  involved  in 
the  reaction  of  esters  with  organomagnesium  compounds  [1].  As  for  the  eunide  group 
its  behavior  with  organomagnesium  compounds  is  governed  by  the  presence  of  substit¬ 
uents  attached  to  the  nitrogen,  the  a-carbon  atom,  etc. 

An  unsubstituted  amide  reacts  via  the  addition  of  the  alkylmagnesium  halide 
radical  to  the  carbonyl  group  [2],  yielding  a  ketone  [5]-  According  to  Ramart  [4], 
a  tr isubstituted  acetamide  reacts  in  a  tautomeric  (lactimj  form,  yielding  a 
nitrile.  Some  N-disubstituted  amides,  as  Maxim  points  out  [5],  react  in  such  a 
way  as  to  have  two  radicals  substituted  for  the  oxygen  in  the  carbonyl  group. 

When  the  molecule  of  the  organic  substance  contains  both  a  carbethoxy  and  an 
amido  group,  these  groups  may  react  individually  or  together,  owing  to  their 
mutual  influence. 

In  esters  of  benzoylated  amino  acids  and  esters  of  dipeptides  [6] ,  as  well 
as  in  the  anilide  of  benzoylformic  acid  [7]>  only  the  carbethoxy  group  enters 
into  reaction.  As  McKenzie  and  Duff  [8]  have  shown,  in  and  oxaminic  ester  (oxa- 
methanej  the  carbethoxy  and  amido  groups  react  simultaneously,  yielding  triphenyl- 
carbinol  when  reacted  with  phenylmagnesium  bromide: 

CeHsMgBr 

NHpCO-COOCsHs  - >  NH2CO— C  (C6H5;20MgBr  — > 

CeHsMgBr  H2O 

— >  H2O  +  N  =  C— C(C6H5)20MgBr  - >  (CeHs JeC— OMgBr  - >  (CeHsjaCOH 


Light  may  be  shed  upon  the  mechanism  involved  in  the  reaction  of  organo¬ 
magnesium  compounds  with  esters  of  N-eiryl-substituted  amides  of  dicarboxylic  acids 
by  a  critical  survey  of  the  data  in  the  literature,  as  well  as  by  analyzing  our 
own  experimental  data.  When  one  mol  of  an  alkylmagnesium  halide  was  reacted  with 
3  naphthyl  oxamate,  we  secured  a  substance  that  had  the  structure  of  a  coordinat¬ 
ion  compound  of  a  halogen  magnesium  alcoholate  with  a  3  naphthalide  of  a  keto  acid 
(l)  or  else  the  structure  of  the  addition  product  of  an  alkylmagnesium  halide  and 
the  carbonyl  oxygen  of  the  carbethoxy  group  (11) 

R" 


R— NH— C— C— R‘'  •  R'OMgX 

U  I 


R— NH— C— C — OR  ' 
^  !)MgX 


The  properties  of  the  resultant  coordination  compound  are  readily  explained 
if  we  assign  it  the  structure  of  a  hemiketal  (ll).  This  would  agree  with  the  views 
of  several  authors  regarding  the  mechanism  involved  in  the  reaction  of  organo- 
magnesium  compounds  with  esters  [1,9]^  as  well  as  with  the  diagram  of  the  reduction 
of  aldehydes  and  ketones  by  halogen  magnesium  alcoholates,  as  proposed  by  H.  Meer- 
wein  and  R.  Schmidt  [10].  VHaen  2  mols  of  ethylmagnesium  iodide  are  reacted  with 
3  napthyl  oxamate,  one  mol  of  ethane  is  liberated  and  a  compound  with  the  properties 
of  a  hemiketal  is  formed;  it  yields  an  aryl  amide  of  a  keto  acid  when  cleaved  hydro¬ 
lytically.  Two  structures  may  be  assigned  to  this  compound: 

R" 

R — N - C— C — OR '  R — N  =  C - C— OR ' 

MgX  (!)  OMgX  iwgX  l}MgX 

(III)  (iVj 

The  more  probable  of  the  two  is  Structure  (IV).  It  explains  the  evolution 
of  one  mol  of  ethane,  the  hydrolytic  cleavage  with  the  formation  of  an  aryl  amide 
of  a  keto  acid,  and  the  inertness  of  the  eiryl  amide  group,  since  the  latter  reacts 
in  the  tautomeric  (lactim]  form. 

Several  authors  have  commented  on  the  possibility  of  the  following  tautomeric 
transformation: 


Valyashi  o  and  Bolotina  [11]  and  Ramart -Lucas  and  his  associates  [12]  have  concluded 
that  the  lactim  form  does  exist,  on  the  basis  of  their  determinations  of  the  light 
absoption  of  aryl  amides  of  carboxylic  acids.  Izmailsky  and  Smirnov  [13]  made  a 
study  of  the  color  of  aryl  amides  of  nitrobenzoic  acids  and  reached  the  conclusion 
that  these  compounds  can  exist  in  two  forms:  the  lactam  and  the  lactim. 

Hence,  our  hypothesis  that  the  N-aryl  oxamates  react  with  organomagnesium 
compounds  in  the  lactim  form  is  in  agreement  with  the  data  in  the  literature. 

The  enolization  of  N-aryl  oxamates  is  reinforced  by  the  presence  of  a 
carbethoxy  group.  As  we  know,  the  c^rbethoxy  group  activates  tautomeric  conver¬ 
sions,  so  that  the  mobility  of  the  system  must  be  increased. 

When  an  alkylmagnesium  halide  is  reacted  with  Compound  (IV)  the  following 
reaction  occurs; 


R” 

I 

R — N=C - C — R ' 

I  I 

OMgX  OMgX 
(V) 

The  magnesium  halogen  alcoholate  (V)  is  insoluble  in  ether  ,  but  it  dissolves 
in  an  excess  of  the  organomagnesium  compound.  In  contrast  to  (ll)  and  (IV),  it  is 
readily  decomposed  by  water  and  is  soluble  in  ammoni'um  chloride.  We  successfully 
used  this  property  to  separate  the  aryl  amides  of  hydroxy  acids  from  the  aryl  amides 
of  ketc  acids.  This  separation  was  so  simple  that  the  aryl  amides  were  recovered 
in  the  analytically  pure  state  after  the  very  first  crystallization. 

We  regard  the  formation  of  triphenylcarbinol  when  phenylmagnesium  bromide 


R— N^C- 


pR' 

-C— R" 


R-'MgX 


(!)MgX  t)MgX 
(TM) 
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is  reacted  with  benzilamide  as  a  confirmation  of  the  proposed  reaction  mechanism: 


^CeHsMgBr 

(C6H5)2-^— CONH2  - >  (C6H5)2— C - C=-=N— MgBr 


01 


OMgBr  OMgBr 


CeHsMgBr  H2O 

(C6H5)2C— C  =  N  - >  (CeHsiaC— OMgBr  - >  (CeHsjaCOH 

OMgBr 

This  reaction  has  not  been  described  in  the  literature  and  is  an  interesting 
new  method  of  synthesizing  tertiary  alcohols. 


Our  notions  concerning  the  mechanism  involved  in  the  formation  of  a  nitrile 
group  from  an  amido  group  by  an  alkylmagnesium  halide  agree  with  those  advanced 
by  Ramart  [4] . 

The  outline  proposed  by  McKenzie  and  Duff  for  the  formation  of  triphenyl- 
carbinol  is  in  need  of  correction.  What  is  improbable  in  this  outline  is  the 
fact  that  the  organomagnesium  compound  merely  splits  water  out  of  the  amido  group. 

In  our  opinion,  the  oxamate  reacts  in  the  lactim  form,  the  reaction  being  represent¬ 
ed  as  follows: 


^CeHsMgBr 

NH2— C — COOC2H5  - >  BrMg— N  =  C 


0 

CeHs 

N^—C— OMgBr 

I 

CeHs 


CeHsMgBr 


^  (CeHsJaCOMgBr 


(CeHsJaCOH 


EXPERIMENTAL 

Synthesis  of  the  addition  product  of  C2HsMgI  and  the  ethyl  ester  of  3 
naphthyloxamlnic  acid.'  A  solution  of  5  g  (l  mol)  of  the  ethyl  ester  of  3  naph- 
thyloxaminic  acid  in  lUO  ml  of  anhydrous  benzene  was  agitated  vigorously  while 
ethylmagnesium  iodide,  prepared  from  O.5  g  of  magnesium  and  3*2  g  of  ethyl  iodide 
in  20  ml  of  ether,  was  added.  The  mixture  warmed  up  slightly,  and  a  clump  of  yellow¬ 
ish  substance  was  thrown  down.  The  reaction  mass  was  then  heated  for  10  minutes 
over  a  boiling  water  bath.  When  the  mass  had  cooled,  the  precipitate  was  filtered 
out,  washed  with  hot  benzene  at  first  and  then  with  ether,  and  dried  between  sheets 
of  filter  paper.  This  yielded  5  g  of  the  substance,  or  57*^^  of  the  theoretical 
yield,  based  on  the  double  compound  of  the  ester  and  ethylmagnesium  iodide.  The 
substance  was  a  slightly  yellowish  powder  and  was  insoluble  in  water  and  the  ordinary 
organic  solvents.  It  was  decomposed  extremely  slowly  by  a  solution  of  ammonium 
chloride  and  vigorously  -  with  the  evolution  of  heat  -  by  dilute  sulfuric  acid, 
the  decomposition  yielding  the  3-napthalide  of  propionyl  formic  acid. 

0.2066  g  substance:  O.O61O  g  MgS04.  0.2000  g substance:  4.8l  ml  0.1  N  AgNOa. 

Found  Mg  5-98;  I  30.5.  C10HTNHCOCO2C2H5  *  C2H5MgI  Calculated  ^:Mg  5-7^;  I  29-98. 

Recovery  of  the  product  of  the  reaction  of  2C2Hc^MgI  with  the  ethyl  ester  of 
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beta  naphthyloxamlnlc  acid.  Ethylmagnesium  iodide  (2  mols),  prepared  from  0.5  g 
of  magnesium  and  3.2  g  of  ethyl  iodide  in  20  ml  of  ether,  was  added  to  a  solution 
of  2.5  g  (l  mol)  of  the  ethyl  ester  of  3  - naphthyloxaminic  acid  in  60  ml  of 
anhydrous  benzene.  The  reaction  product  VciS  recovered  as  in  the  preceding  ex¬ 
periment.  This  yielded  6  g,  or  8l^  of  the  theoretical  yield,  of  a  substance 
that  was  insoluble  in  water  or  the  customary  organic  solvents.  It  was  slowly 
decomposed  by  a  saturated  solution  of  ammonium  chloride  and  vigorously  de¬ 
composed  by  dilute  sulfuric  acid.  Decomposition  yielded  the  3-naphthalide 
of  propionyl  formic  acid. 

0.2CX)0  g  substance:  0.710  g  MgS04.  0.2000  g  substance:  0.1266  g  Agl.  Found 
Mg  7.05;  I  5^.2.  CieHirOsNMgsIs  *  2{C2Es)20.  Calculated  Mg  6.78;  I  35.1. 

Benzilamide.  11.4  g  (l  mol)  of  benzilic  acid  was  mixed  with  10.4  g  (l  mol) 
of  phosphorus  pentachloride .  When  the  reaction  was  over,  the  oily  liquid  was 
triturated  with  solid  ammonium  carbonate  [l4].  Then  the  reaction  product  was 
washed  with  water  and  dried  in  the  air.  M.p.  110'’.  The  pure  amide  of  diphenyl- 
chloroacetic  acid  fuses  at  115°  [15]* 

The  amide  yield  did  not  exceed  30^^  since  much  of  the  diphenylchloroacetamide 
was  saponified  to  benzilic  acid  when  heated. 

Tr iphenylcarbinol .  0.9  g  of  finely  powdered  benzilamide  was  added  to  a 

Grignard  reagent,  prepar^^d  in  the  usual  manner  from  3*5  g  of  bromobenzene  and  0.5 
g  of  magnesium  in  I5  ml  of  ether.  The  reaction  was  completed  by  heating  the  con¬ 
tents  of  the  flask  over  a  water  bath  for  30  minutes.  The  reaction  mass  was  de¬ 
composed  with  a  saturated  solution  of  ammonium  chloride,  the  reaction  product 
being  recovered  in  the  usual  way.  Crystalliation  from  alcohol  yielded  hexagonal 
flakes,  with  a  m.p.  of  l62-l62.5‘‘.  A  fusion  sample  mixed  with  synthetic  tri- 
phenylcarbinol  exhibited  no  depression  of  the  melting  point.  We  secured  0.6  g, 
or  5^*37^  of  the  theoretical  yield,  based  on  the  benzilamide  used  for  the  re¬ 
action.  Frey  [I6],  Friedel  and  Crafts  [17],  and  Bystricki  and  Herbst  [18] 
give  162-162,5“  as  the  m.p.  of  tr iphenylcarbinol . 

0.1450  g  substance:  0.4590  g  CO2;  O.O787  g  H2O.  0.1512  g  substance:  13*9  ml 
C?i4  (l6“,  743  mm).  Found  C  87.59;  H  6.I6;  OH  6.48.  CigHieO.  Calculated 
C  87.65;  H  6.2;  OH  6.5. 

SUMMARY 

1.  A  mechanism  is  suggested  for  the  reaction  of  organomagnesium  compounds 
and  esters  of  the  N-aryl-substituted  amides  of  dicarboxylic  acids. 

2.  The  concepts  elaborated  by  us  serve  as  the  basis  for  a  new  outline  of 
the  reaction  between  oxamethane  and  phenylmagnesium  bromide. 

5.  It  has  been  found  that  the  reaction  of  phenylmagnesium  bromide  with 
benzilamide  involves  the  substitution  of  a  radical  for  the  amide  group.  This 
may  make  it  an  interesting  new  method  for  synthesizing  tertiary  alcohols. 
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THE  N-ARYL  AMIDES  OF  HYDROXYCARBOXYLIC  ACIDS  AND  THEIR 
CONVERSION  INTO  HETEROCYCLIC  COMPOUNDS 
V.  THE  INTRAMOLECULAR  CONDENSATION  OF  ARYL  AMIDES  OF  BENZILIC  ACID 

P.A.Petyunin  and  I .S.Berdinsky 

One  of  the  present  authors,  together  with  Panferova  [1],  has  established 
the  feasibility  of  converting  benzilanilide  into  5^3-diphenylox indole 

The  first  compounds  of  this  kind  were  synthesized  by  Baeyer  in  I885  [2]  by 
condensing  isatin  with  aromatic  hydrocarbons  in  the  presence  of  concentrated  sul¬ 
furic  acid.  Interest  in  the  derivatives  of  a  5>5-diaryloxindole  has  not  slack¬ 
ened  up  to  the  present  time.  Wegmann  and  Dahn,  for  example,  synthesized  these 
compounds  in  19^6  [3]  from  isatin  and  aromatic  hydrocarbons  in  the  presence  of 
aluminum  chloride,  while  Sumpter  and  his  associates  [L]  synthesized  them  from 
3,3-dibromooxindole  in  the  presence  of  aluminum  chloride.  As  has  been  pointed 
out  by  Kaufmann  [5],  some  derivatives  of  a  5? 3-diaryloxindole  possess  marked 
pharmacological  activity.  Diacetyldiphenolisatin  has  been  adopted  by  the  State 
Pharmacopeia  of  the  USSR  under  the  name  of  Isaphenin  [6].  Gabel  and  Zubarovsky 
[7]  have  investigated  the  condensation  of  isatin  and  a-naphthol  in  order  to  se¬ 
cure  the  naphthalene  analog  of  isatin. 

But  up  to  the  present  time  research  has  been  done  on  compounds  with  the 
substituent  groups  in  the  para  position  in  the  phenyls,  since  the  existing  meth¬ 
ods  made  it  possible  to  synthesize  only  the  compounds  mentioned  above.  The 
problem  of  developing  a  method  that  would  enable  us  to  synthesize  derivatives  with 
the  substituent  groups  at  any  desired  position  in  the  phenyls  arose  long  ago  and 
has  become  an  acute  one. 

We  set  as  our  objective  a  comprehensive  study  of  the  intramolecular  conden¬ 
sation  of  aryl  amides  of  hydroxy carboxylic  acids. 

In  1912  Klinger  showed  that  benzilanilide  yields  a  transitory  color  when 
reacted  with  concentrated  sulfuric  acid,  a  substance  with  a  m.p.  of  205-210®  being 
recovered  He  failed  to  establish  the  structure  of  this  substance,  however,  so 
that  the  problem  of  the  action  of  sulfuric  acid  upon  benzylanilide  remained  an 
open  one.  Rewes  and  Lindwoll  [9]  note  that  N-methylbenzylanilide  yields  a  trans¬ 
ient  red  coloration  when  reacted  with  concentrated  sulfuric  acid,  but  they  made 
no  attempt  to  ascertain  the  cause  of  this  phenomenon. 

As  our  researches  have  shown,  the  decolonization  of  colored  sulfuric  acid 
solutions  is  due  to  intramolecular  condensations.  In  this  reaction  the  solvent 
is  very  important.  Of  three  solvents  investigated  by  us:  alcohol,  acetone,  and 
glacial  acetic  acid,  the  last  proved  to  be  best.  The  alcohol  and  acetone  reacted 
with  the  concentrated  sulfuric  acid  themselves,  so  that  they  SLre  hardly  suitable 
for  use  in  condensation.  When  concentrated  sulfuric  acid  was  reacted  with  an  acetic 
acid  solution  of  benzylanilide,  we  secured  a  substance  with  a  m.p.  of  225-226°, 
a  fusion  sample  of  which  exhibited  no  depression  when  mixed  with  known  3^ 3-diphenyl- 
oxindole.  When  oxidized,  it  yielded  the  3>3-diphenylisatoic  anhydride  (l) 
mentioned  in  the  literature  [3]: 
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TABLE  1 


TABLE  2  TABLE  3 


Test  j 

Solution  of 

ml  of 

M.p.  of 

TestJ  Ml  of  1 

Ml  of 

Bath 

Time 

No. 

CeHsNHCOCCOH) 

cone . 

product 

No. 

anil- 

cone . 

temp- 

requir- 

(C6H5)2  in  gla- 

H2SO4 

ide 

H2SO4 

erature 

ed  for 

cial  CHr^COOHrml) 

used 

solu- 

color  to 

1 

2 

0.5 

171 

None 

tion 

vanish 

2 

2 

1.0 

210 

Yellow 

1 

1 

3.5 

0 

4  00" 

3 

2 

2.0 

218 

Red 

2 

1 

3.5 

10 

2'  30" 

U 

2 

3.0 

215 

Red 

5 

1 

3.5 

20 

1'  30" 

5 

2 

4.0 

208 

Red 

h 

1 

3.5 

30 

1  05' 

6 

2 

5.0 

202 

Red 

5 

1 

3.5 

40 

o'  45  ' 

7 

2 

6.0 

202 

Red 

6 

1 

3.5 

50 

0'  30' 

acting  more  slowly  than  hydrolysis. 

We  were 

interested  in  the 

effect  of  condens- 

ation  alone  upon  the  rate  at  which  the  colored  solutions  were  decolorized.  This 
was  explored  by  carrying  out  the  reaction  with  the  optimum  quantity  of  sulfuric 
acid,  since  then  the  effect  of  hydrolysis  is  excluded,  the  color  vanishing  solely 
as  the  result  of  condensation.  The  rate  of  condensation  was  determined  from  the 
rate  at  which  the  color  vanished.  The  experiments  were  made  with  a  0.76^  solu¬ 
tion  of  benzylanilide  in  glacial  acetic  acid.  The  time  required  for  the  color  to 
disappear  was  measured  with  a  stopwatch. 

The  figures  listed  in  Table  4  show  that  the  condensation  rate  rises  with 
temperature,  requiring  only  30  seconds  at,  say  50°.  These  results  reflect  the 
link  between  the  reaction  time  and  the  temperature,  which  has  enabled  us  to  util¬ 
ize  this  method  in  other  cases  to  secure  a  qualitative  estimate  of  various  con¬ 
densation  factors. 
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Effect  of  the  quantity  of  sulfuric  acid  upon  the  condensation  rate.  It  has 
been  shown  above  that  condensation  is  complete  only  when  the  optimum  quantity  of 
sulfuric  acid  is  used.  When  smaller  quantities  of  sulfuric  acid  are  used,  either 
practically  no  condensation  occurs  at  all,  or  p>art  of  the  anilide  used  enters 
into  the  reaction.  We  investigated  the  effect  of  an  excess  of  sulfuric  acid  upon 
the  reaction  rate  in  order  to  round  out  our  study  of  the  role  of  sulfuric  acid 
in  the  condensation  process.  Our  results  are  tabulated  in  Table  4. 

We  see  from  Table  4  that  the  con¬ 
densation  rate  drops  off  appreciably 
as  the  quantity  of  sulfuric  acid  is 
increased.  Doubling  the  amount  of 
sulfuric  acid,  for  example,  diminishes 
the  condensation  by  a  factor  of  nearly 
6  (Tests  1  and  6) . 

EXPERIMENTAL 

Ethyl  ester  of  o-methoxyoxanilic 
acid .  The  initial  substances  were: 

12.3  g  (l  molj  of  o-anisidine  and  20  g 
(1.5  molJ  of  ethyl  oxalate.  The  yield 
was  0.63  g  of  colorless  crystals  with  a  m.p.  of  245.5*.  The  m.p.  of  the  o-aniside 
of  Italic  acid  is  given  as  245*^  in  the  literature  [11].  The  principal  reaction 
prod-ct  was  recovered  from  the  filtrate.  Crystallization  from  alcohol  yielded 
13.7  g  of  colorless  needles  with  a  m.p.  of  83.5” ^  or  6l.4^  of  the  theoretical. 

The  ester  is  insoluble  in  water  and  readily  soluble  in  most  of  the  ordinary  or¬ 
ganic  solvents.  The  ethyl  ester  of  o-methoxanilic  acid  is  not  described  in  the 
literat'ure. 

0.5742  g  substance:  5I.5  ml  O.O5  N  H2SO4.  Found  -jt:  N  6.23.  C11H13O4N. 

Calculated  N  6.28. 

o-Methoxyoxanilic  acid.  5  g  of  the  ethyl  ester  of  o-methoxyoxanilic  acid 
was  heated  with  200  ml  of  5^  sodium  hydroxide  until  it  dissolved  completely.  The 
reaction  product  was  recovered  in  an  analytically  pure  state  after  hydrochloric 
acid  had  been  added  until  the  reaction  to  Congo  red  was  acid.  Crystallization 
from  alcohol  did  not  raise  the  melting  point.  Colorless  needles  with  a  m.p.  of 
149°.  The  wrong  figure  of  159“  is  given  as  the  m.p.  in  the  literature  [12]. 

0.2306  g  substance:  11.8  ml  0.1  N  H2SO4.  Found  N  7-l6  C9H9O4N. 

Calculated  p.  N  7.18 

o-Methoxyoxanilamide .  An  alcoholic  solution  of  3  g  of  the  o-methoxyoxanilic 
ester  was  saturated  with  ammonia,  yielding  1.8  g  of  the  substance,  or  8l.8^  of 
the  theoretical.  The  amide  is  slightly  soluble  in  water  and  in  most  of  the  ord¬ 
inary  organic  solvents.  It  crystallized  from  a  large  quantity  of  alcohol  as  plate¬ 
lets  with  a  m.p.  of  195“*  The  amide  of  o-methoxyoxanilic  acid  has  not  been  des¬ 
cribed  in  the  literature. 

0.2505  g  substance:  25.6  ml  0.1  N  H2SO4.  Found  -jt:  N  14.3  C9H10O3N2. 

Calculated  N  14.43. 

p-Toluidide  of  benzilic  acid.  The  initial  substances  used  were:  7  g  of  the 
ethyl  ester  of  ^-methyloxanilic  acid,  31.2  g  of  iodobenzene,  and  3-7  g  of  magnes¬ 
ium.  This  yielded  9-5  g  of  the  air-dried  substance,  or  88.8^  of  the  theoretical. 

It  was  crystallized  from  toluene  in  colorless  needles  with  a  m.p.  of  190°.  It 
dissolves  in  concentrated  sulfuric  acid,  producing  a  red-brown  color  that 
vanishes  rapidly. 


Test 

No. 

Ml  of 
naphth- 
aliie 
solution 

Ml  of 

cone . 

H2S04 

Time  required 
for  color  to 
vanish 

1 

1 

1.5 

2'  15" 

2 

1 

1.8 

2'  30" 

3 

1 

2.1 

5'  10" 

4 

1 

2.4 

5'  53" 

5 

1 

2.7 

9'  45  " 

6 

1  ^ 

3.0 

12'  50" 

1880 


0.1451  g  substance:  4,6  ml  0.1  N  H2SO4.  Found  N  4.4  C21H19O2N. 

Calculated  N  4.2 

The  p-toluidide  of  benzilic  acid  was  secured  by  boiling  £-toluidide  of 
a-£-toluidinodiphenylacetic  acid  with  concentrated  sulfuric  acid.  M.p.  109-190* 

[15]. 

o-Anisidide  of  benzilic  acid.  The  o-anisidide  of  benzilic  acid  was  syn¬ 
thesized  by  reacting  phenylmagnesium  iodide  (5  mols)  with  7.6  g  (l  mol)  of  the 
ethyl  ester  of  o-methoxyoxanilic  acid.  The  anisidide  is  insoluble  in  water, 
slightly  soluble  in  petroleum  ether,  and  freely  soluble  in  alcohol,  ether,  and 
benzene.  With  concentrated  sulfuric  acid  it  forms  a  red  color  that  disappears 
rapidly.  It  crystallized  from  benzene  as  colorless  needles  with  a  m.p.  of  15T»5‘*« 
There  is  no  mention  of  the  o-anisidide  of  benzilic  acid  in  the  literature. 

0.3402  g  substance:  9*62  ml  0.1  N  H2SO4.  0.2501  g  substance:  6.7  ml  0.1  N 

H2SO4.  Found  -Jt:  N  3-96  ,  4.00.  C21H19O3N.  Calculated  N  4.2 

p-Phenetidide  of  benzilic  acid.  The  initial  substances  used  were:  3*8  of 
magnesium,  32.5  g  of  iodobenzene,  and  9»5  g  of  the  ethyl  ester  of  p-ethoxyoxanilic 
acid.  The  substance  was  insoluble  in  petroleum  ether  or  in  water,  slightly 
soluble  in  carbon  tetrachloride,  and  readily  so  in  alcohol,  acetic  acid,  benzene, 
and  toluene.  With  concentrated  sulfuric  acid  it  produced  a  red-brown  color  that 
quickly  turned  slightly  yellowish.  It  was  purified  by  precipitating  it  from  a 
benzene  solution  with  petroleum  ether.  Colorless  needles  with  a  m.p.  of  135*5  “ 

-  134.5*' •  The  yield  was  4.2  g,  or  30.3^  of  the  theoretical.  The  p-phenetidide 
of  benzilic  acid  has  not  been  described  in  the  literature. 

0.1982  g  substance:  5*98  ml  0.1  N  H2SO4.  0.2302  g  substance:  7*1  ml  0.1  N 

H2SO4.  Found  N  4.22,  4.52.  C22H21O3N.  Calculated  N  4.04. 

The  p-dimethylaminoanillde  of  benzilic  acid  was  synthesized  from  3*5  g 
(1  mol)  of  the  ester  of  ^-dimethylaminooxanilic  acid,  11. 4g  (4  mols),  of  iodo¬ 
benzene,  and  1.3  g  of  magnesium.  Crystallization  from  dilute  alcohol  yielded 
yellow-orange  needles  with  a  m.p.  of  I5O-I52*  The  substance  was  recrystallized, 
using  activated  charcoal,  yielding  colorless  needles  with  a  m.p.  of  156“.  This 
yielded  1.2  g  of  the  pure  product,  representing  26^  of  the  theoretical  yield. 

The  substance  was  insoluble  in  water,  though  freely  soluble  in  most  of  the 
ordinary  organic  solvents;  it  dissolved  in  concentrated  sulfuric  acid,  turning 
the  solution  crimson,  the  color  changing  to  violet,  blue,  and  finally  green. 

The  p-dimethylaminoanilide  of  benzilic  acid  has  not  been  described  in  the  liter¬ 
ature  . 

0.1730  g  substance:  19.8  ml  0.05  N  H2SO4.  0.1298  g  substance:  15*4  ml 

0.05  N  H2SO4.  Found  N  0.01,  0.35-  C22H2202N2-  Calculated  N  0.09- 

p-Bromanilide  of  benzilic  acid,  aj  While  a  solution  of  6.1  g  of  benzil- 
anilide  in  75  ml  of  glacial  acetic  acid  was  agitated,  a  solution  of  3*1  g  of 
bromine  in  13-5  ml  of  glacial  acetic  acid  was  added,  yielding  6.5  g  of  a  product, 
or  05^  of  the  theoretical  Dilution  of  the  filtrate  with  water  yielded  0.5  g 
of  the  unreacted  anilide.  Crystallization  from  dichloroethane  yielded  colorless 
needles  with  a  m.p.  of  225-226.5*.  The  p-bromanilide  was  insoluble  in  water  or 
acetic  acid,  though  freely  soluble  in  dichloroethane.  It  turned  concentrated 
sulfuric  acid  red,  the  color  vanishing  rapidly. 

0.1347  g  substance:  5-42  ml  0.1  Nr  H2SO4.  0.2703  g  substance:  0  I36O  g 

AgBr .  Found  'jt:  N  3-55;  Br  20.79*  C2oHi602NBr.  Calculated  N  3*66;  Br  20.92. 

bj  Initial  substances:  2.7  g  (l  molj  of  the  ethyl  ester  of  p-bromoxanilic 
acid,^  9.2  g  (4.5  mols)  of  iodobenzene,  and  1.09  g  of  magnesium.  The  yield  was 

We  secured  the  ester  of  p-bromoxanilic  acid  by  reacting  bromine  with  ethyl 
oxanilate  [ l4 ] . _ 


1001 


3.^  g  or  89.5^  of  the  theoretical.  It  was  crystallized  from  dichloroethane  as 
colorless  needles  with  a  m.p.  of  224-225°.  A  fusion  sample  mixed  with  the  sub¬ 
stance  secured  by  brominating  benzilanilide  exhibited  no  depression  of  the  melt- 
ting  point.  The  p-bromanilide  of  benzilic  acid  has  not  been  described  in  the 
literature. 

3 . 3- Diphenyloxindole .  Concentrated  sulfuric  acid  was  added  a  little  at  a 
time  to  a  solution  of  O.5  g  of  benzilanilide  in  5  nil  of  glacial  acetic  acid  until 
the  solution  no  longer  turned  red,  a  total  of  5  ml  of  concentrated  sulfuric  acid 
being  added.  When  the  reaction  mass  had  cooled,  it  was  poured  into  twice  its 
volume  of  water,  the  resultant  precipitate  being  given  the  usual  treatment.  This 
yielded  O.46gof  a ir- dry  product ,  or  about  100^  of  the  theoretical  yield.  Crystal¬ 
lization  from  benzene  yielded  colorless  prisms  with  a  m.p.  of  225-226°,  which 
agrees  with  the  figure  given  in  the  literature  for  3> 5-diphenyloxindole  [10]. 

3. 3- diphenyl 1 sat ic  anhydride.  I.5  ml  of  a  50^  aqueous  solution  of  chromic 
anhydride  was  added  to  a  solution  of  I.5  g  of  3> 3-diphenyloxindole  in  10  ml  of 
glacial  acetic  acid.  The  reaction  mass  was  heated  over  a  water  bath  until  the 
yellow  color  turned  green.  The  reaction  product  was  precipitated  by  dilution  with 
water,  and  crystallized  from  acetic  acid  as  colorless  needles.  M.p.  238-259°> 

in  full  agreement  with  the  figure  given  for  30“diphenylisatic  anhydride  [3]. 

The  yield  was  0.8  g,  or  51*05lt  of  the  theoretical.  Concentrated  sulfuric  acid 
evolves  CO2  and  colors  the  solution  red,  which  is  likewise  characteristic  of 
isatio  anhydride. 

3 .3- Diphenyl-5-methyloxindole.  The  initial  substances  were:  2  g  of  the 
^-toluidide  of  benzilic  acid,  dissolved  in  4o  ml  of  glacial  acetic  acid  and  37  ml 
of  concentrated  sulfuric  acid.  The  yield  was  I.85  g,  or  97^  of  the  theoretical. 

The  substance  was  insoluble  in  water,  slightly  soluble  in  alcohol,  toluene,  and 
carbon  tetrachloride,  and  freely  soluble  in  the  other  organic  solvents.  Crystal¬ 
lization  from  toluene  yielded  platelets  with  a  m.p.  of  197*5  -  196*5"* 

0.2317  g  substance:  7*89  ml  0.1  N  H2SO4.  Found  N  4.77.  C21H17ON. 

Calculated  N  4.68. 

3 . 3- DiFhenyl-7 -methoxyoxindole .  The  following  substances  were  used  for  the 

reaction:  a  solution  of  2  g  of  the  o-anisidide  of  benzilic  acid  in  40  ml  of  glacial 
acetic  acid,  and  20  ml  of  concentrated  sulfuric  acid.  The  yield  was  I.85  g,  or 
97*8^  of  the  theoretical.  The  substance  was  insoluble  in  water  or  carbon  tetra¬ 
chloride,  though  freely  soluble  in  alcohol,  chloroform,  and  benzene.  It  was 
crystallized  from  toluene  in  colorless  platelets  with  a  m.p.  of  270°.  3^ 3-Diphenyl- 

7-methoxyoxindole  has  not  been  described  in  the  literature. 

0.2662  g  substance:  8.05  ml  0.1  N  H2SO4.  Found  N  4.23*  C21H1TO2N. 

Calculated  N  4.44. 

3 . 3 - Diphenyl -5 -ethoxyoxindole .  The  3>3-diphenyl-5-ethoxyoxindole  was  syn¬ 

thesized  by  adding  20  ml  of  concentrated  sulfuric  acid  to  a  solution  of  2  g  of 
the  £-phenetidide  of  benzilic  acid  in  10  ml  of  glacial  acetic  acid.  The  yield 
was  1.9  g  or  about  100^  of  the  theoretical.  Crystallization  from  glacial  acetic 
acid  yielded  needles  with  a  m.p.  of  250°.  3 ,3-Diphenyl-5 -ethoxyoxindole  has  not 

been  described  in  the  literature. 

0.2047  g  substance:  5*94  ml  0.1  N  H2SO4.  Found  ^ ;  N  4.06.  C22H19O2N. 

Calculated  N  4.25 

3 . 3 - Diphenyl-5-br omoxindole .  Concentrated  sulfuric  acid  was  added  to  a 
suspension  of  2.5  g  of  the  p-bromanilide  of  benzilic  acid  in  75  ml  of  glacial 
acetic  acid  until  the  solution  ceased  being  colored  red-brown.  The  yield 
was  2.3  g  or  96.6^  of  the  theoretical.  The  substance  was  freely  soluble  in 
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alcohol,  chloroform,  and  dichloroethane .  It  was  crystallized  from  chlorform 
in  colorless  minute  needles,  with  a  m.p.  of  284  (with  decomposition).  5>3- 
Diphenylbromox indole  has  not  been  described  in  the  literature. 

0.5225  g  substance:  17  4  ml  O.O5  N  H2SO4. 0.2102  g  substance:  11.4  ml  O.O5  N 
H2SO4.  Found  N  5-77,  5.79-  Cs>oHi40NBr  Calculated  N  3.85. 

5 , 5-Diphenyl-5 -dimethy lamino-oxindole .  10  ml  of  concentrated  sulfuric  acid 
was  added  to  a  solution  of  I.I5  g  of  the  £-dimethylaminoanilide  of  benzilic  acid 
in  10  ml  of  glacial  acetic  acid.  After  the  crimson  color  of  the  solution  had 
turned  to  brown,  the  reaction  mass  was  poured  into  20  ml  of  water.  The  result¬ 
ant  precipitate  was  filtered  out,  washed  with  water  and  then  with  a  soda 
solution  (to  eliminate  the  free  base),  and  processed  thereafter  as  specified  in 
the  other  experiments.  The  yield  was  1  g,  or  91-7^  of  the  theoretical.  The  syn¬ 
thesized  substance  was  insoluble  in  water,  slightly  soluble  in  toluene,  chloro¬ 
form,  and  dichloroethane,  and  readily  soluble  in  alcohol  and  acetic  acid.  It 
was  crystallized  from  alcohol  as  colorless  needles  with  a  m.p.  of  223-225“  (with 
decomposition).  3,3-Diphenyl-5-dimethylamino-oxindole  has  been  synthesized 
by  us  for  the  first  time. 

0.095^  g  substance:  5.62  ml  0.1  N  H2SO4.  Found  N  8.24.  C22H20ON2. 

Calculated  N  8.54. 

3 . 3- Diphenyl-6, 7-benzoxindole .  (3,3-Diphenyl-a-naphthoxindole. )  (Together 
with  N.G.Panferova. j  3>3-Diphenyl-a-napthoxindole  was  synthesized  by  adding  45 
ml  of  concentrated  sulfuric  acid  to  a  solution  of  0.4  g  of  the  a-naphthalide  of 
benzilic  acid  in  8  ml  of  glacial  acetic  acid.  The  yield  was  0.39  g^  or  about 
100^  of  the  theoretical.  The  substance  was  insoluble  in  water,  slightly  soluble 
in  alcohol  and  acetic  acid,  and  readily  soluble  in  acetone  and  dichloroethane. 
Crystallization  from  alcohol  yielded  minute  needles  with  a  m.p.  of  254°.  We 
are  the  first  to  have  synthesized  5>5-hiphenyl-a-naphthoxindole . 

0.3550  g  substance:  10  ml  0.1  N  H2SO4.  0.2350  g  substance:  6.6  ml  0.1  N 

H2SO4.  Found  %:  N  4.2,  3.93.  C24H17ON  Calculated  N  4.l8. 

3 .3- Diphenyl-4 ,5-benzoxindole .  (3,3-Diphenyl-3-naphthoxindole)..  Together 
with  N.G.Panferova. j  Concentrated  sulfuric  acid  was  added  to  a  solution  of  0.4 
g  of  the  3-naphthalide  of  benzilic  acid  in  10  ml  of  acetic  acid  until  the  solu¬ 
tion  ceased  to  be  colored  red-brown. 

The  yield  was  0.38  g  of  the  substance,  or  nearly  100^  of  the  theoretical 
yield.  The  synthesized  substance  was  insoluble  in  water,  slightly  soluble  in 
alcohol  and  in  acetic  acid,  and  freely  soluble  in  acetone,  chloroform,  and 
benzene.  When  crystallized  from  alcohol,  it  was  recovered  as  a  fine  crystalline 
powder  (octahedrons  under  the  microscope  j.  M.p.  266'.  30-Piphenyl-3-naphthoxindole 
has  not  been  described  in  the  literature. 

0.3320  g  substance:  9*8  ml  0.1  N  H2SO4.  Found  N  4.13.  C24H17ON. 

Calculated  N  4.l8. 

SUMMARY 

1.  A  study  has  been  made  of  the  intramolecular  condensation  of  aryl  amides 
of  benzilic  acid;  it  has  been  found  that  in  this  reaction  3^3-diphenyloxindole 
and  its  derivatives  are  produced. 

2.  A  number  of  compounds  not  previously  described  in  the  literature  has 
been  synthesized  and  their  properties  investigated. 

5.  The  intramolecular  condensation  of  N-aryl  amides  of  benzilic  acid  has 
been  investigated  with  regard  to  the  quantities  of  condensing  reagents  required 
and  the  reaciion  temperature. 
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MESO  DERIVATIVES  OF  ACRIDINE 


XXI.  THE  REACTION  OF  ACRIDINES  WITH  BISULFITE 


N.S. Drozdov  and  O.M.Cherntsov 

Grebe  [1]  was  the  first  to  investigate  the  reactions  of  acridine  with  sulfur- 
ous  acid  and  sulfates,  and  two  compounds  were  described  by  him.  One  of  them, 
which  was  prepared  by  reacting  sulfuric  acid  with  acridine  and  was  a  red,  slightly 
soluble  substance,  had  the  composition  of  a  neutral  sulfite  of  acridine: 
(Ci3H9N)2*H2S03.  The  other  substance,  synthesized  by  reacting  sodium  sulfite  with 
acridine  hydrochloride,  was  assigned  the  formula  of  Ci3H9N‘S03HNa  by  Greebe,  who 
regarded  it  as  the  addition  product  of  bisulfite  and  acridine  without  undertaking 
a  detailed  study  of  its  structure.  In  contrast  to  the  former  compound,  this 
substance  was  colorless  and  readily  water  soluble.  Subsequently  E.Wirth  and  K. 
Lehmstedt  [2]  found  that  the  latter  compound  was  formed  when  acridine  was  reacted 
with  a  bisulfite  solution.  These  Investigators  concluded  that,  in  contrast  to 
pyridine  and  quinoline  bases,  which  constitute  unstable  saltlike  compounds  with 
bisulfite,  the  reaction  of  bisulfite  with  acridine  results  in  the  formation  of 
the  sodium  salt  of  9^ lO-dihydroacridine-9-sulfonic  acid  or  of  acridan-9- sulfonic 
acid.  The  principal  reason  underlying  this  concept  of  the  structure  of  the  re¬ 
action  product  of  acridine  andbisulflte  was  its  colorlessness,  which  is  not 
typical  of  acridine  salts,  usually  colored.  Moreover,  the  authors  cited  felt 
that  only  those  acridines  could  react  with  bisulfite  that  had  an  unsubstituted 
hydrogen  atom  attached  to  the  meso  carbon  atom,  although  they  cited  no  experimen¬ 
tal  evidence  in  support  of  this  assertion,  inasmuch  as  they  had  explored  only 
the  single  reaction  of  bisulfite  with  acridine.^ 

Acridan-9-sulfonic  acid  proved  to  be  a  compound  with  singular  properties, 
differing  from  those  of  ordinary  sulfo  acids.  In  aqueous  solutions  or  when 
moist,  it  was  readily  and  rapidly  oxidized  to  the '^ed  acridine  sulfite"  men¬ 
tioned  in  Grebe's  paper:  2Ci3HioN*S03Na  +  0  =  (C13H9N j2 'H2SO3  +  Na2S04,  which 
in  turn  reacted  with  the  neutral  sodium  sulfite,  being  converted  into  acridan- 
9-sulfonic  acid.  Moreover,  Wlrth  and  Lehmstedt  found  that,  in  contrast  to  ordi¬ 
nary  sulfo  acids,  in  which  the  replacement  of  the  sulfo  group  by  a  cyanogen 
group  is  achieved  with  difficulty,  acridan-9-sulfonic  acid  is  converted  into 
9-cyanacridine  when  heated  for  half  an  hour  over  a  water  bath  with  an  aqueous - 
alcoholic  solution  of  potassium  cyanide. 

In  our  research  into  the  reactions  of  acridine,  2-methylacridine,  and  2- 
methoxy-acridine  with  sodium  bisulfite,  we  have  found  that  in  the  simplest  case 
a  substance  is  formed  that  is  identical  with  Lehmstedt 's  and  Wirth's  sodium 
salt  of  acr idan-9-sulfonic  acid,  the  corresponding  analogs  being  formed  from  the 
substituted  acridines.  The  products  were  crystalline,  colorless  compounds  that 
were  readily  soluble  in  water  and  slightly  soluble  in  organic  solvents,  and  un¬ 
stable  in  aqueous  solutions.  Their  solutions  were  oxidized  after  standing  for 
a  short  time,  yielding  colored,  insoluble  compounds.  But  these  solutions  could 


1)  This  rule,  which  was  not  confirmed  experimentally  by  Wlrth  and  Lehm¬ 
stedt,  certainly  requires  supporting  proof,  since  we  have  found,  for  example, 
that  2,7-dimethylacridine  does  not  form  a  compound  analogous  to  acridan-9- 
sulfonic  acid  when  reacted  with  bisulfite,  even  though  its  meso  position  is 
open. 
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be  kept  indefinitely  in  closed  vessels  containing  bisulfite.  In  contrast 
to  the  salts  of  ordinary  sulfo  acids,  the  sodium  salts  we  had  synthesized  were 
instantaneously  decomposed  into  the  respective  acridine  derivative  and  sodium 
sulfite  when  reacted  with  dilute  alkalies  or  ammonia,  even  in  the  cold.  This 
reaction,  which  is  the  basis  for  the  method  we  have  used  to  analyze  the  com¬ 
pounds  we  have  synthesized  for  their  sulfur  content,  is  a  quantitative  one, 
the  simplest  example  being: 

C13H10N * SOsNa  +  NaOH  =  Ci3H9N’+  NagSOp  +  H2O. 

The  solid  salts  are  decomposed  by  mineral  acids,  yielding  the  respective 
acridine  salts  and  liberating  sulfur  dioxide.  The  behavior  of  the  synthesized 
salts  when  heated  is  interesting.  VHien  heated  to  a  high  enough  temperature  in 
a  suitable  organic  solvent,  say  toluene,  they  are  quantitatively  decomposed  in¬ 
to  the  respective  acridine  derivative,  neutral  sodium  sulfite,  water,  and  sulfur 
dioxide.  This  transformation  may  be  represented  by  the  following  equation  for 
the  simplest  case: 

2 [C 13H1 oNS03Na * 2H2O]  =  2Ci3HgN  +  Na2S03  +  5H2O  +  SO2. 

The  quantitative  nature  of  this  thermal  decomposition  made  it  possible  to 
utilize  it  as  a  method  of  determining  the  water  of  crystallization  and  of 
constitution  (and  the  sulfur  dioxide)  in  the  synthesized  crystalline  salts. 

In  contrast  to  the  salts  of  ordinary  sulfo  acids,  the  salts  we  synthesized  were 
converted  into  the  respective  9-cyanacridines  when  they  were  heated  for  even  a 
short  time  with  an  aqueous-alcoholic  solution  of  potassium  cyanide.  The  result¬ 
ing  9-cyanacridine,  2-methyl-,  and  2-methoxy-9-cyanacr idines  were  identical  with 
the  compounds  described  by  us  in  one  of  our  previous  papers  [3]. 


All  these  properties  of  the  compounds  we  have  synthesized  are  inexplicable 
or  hard  to  explain  if  we  imagine  their  structure  to  be  that  of  salts  of  acridan- 
9-sulfonic  acid,  which  forces  us  to  search  for  some  other  structure  of  these  com 
pounds  that  satisfies  the  properties  described.  A  structure  that  does  so  is, 
apparently,  the  structure  of  sulfites  of  the  sodium-acr idinium  compounds  that 
are  isomers  of  the  salts  of  acridan-9-sulfonic  acids.  The  behavior  of  the  syn¬ 
thesized  salts  when  exposed  to  heat  or  the  action  of  acids  and  alkalies,  and 
their  ready  oxidizability  in  aqueous  solutions,  may  be  explained  satisfactor ilv 
if  they  are  regarded  as  double  sulfites  of  sodium  and  acridinium  (an  analog  of 
tetrasubstituted  ammonium).  The  action  of  alkalies  and  acids  may  be  readily 
explained  by  the  following  equations: 


2HC1 


I  /C6H4 

r  ' 

\sO3Na 


NaOH 


+  NaCl  +  SO2  +H2O 


C6H4 


/ 

\, 


CH 


\ 


CeH. 


+  Na2S03  -t-  H2O 


This  view  of  the  structure  of  the  compounds  synthesized  as  sodium-acridinium 
sulfites  makes  some  of  their  properties  observed  by  previous  researchers  readily 
understandable.  The  formation  of  Lehmstedt's  and  Wirth's  sodium  salt  of  acridan 
9-sulfonic  acid  by  the  action  of  neutral  sodium  sulfite  on  Grebe's  "red  acridine 
sulfite"  is  explained  simply  as  follows; 
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Without  regarding  the  question  of  the  structure  of  the  products  of  the  re¬ 
action  of  NaHSOa  with  the  acridines  as  definitely  settled  by  our  experiments, 
we  are  inclined  to  believe  that  the  properties  of  the  compounds  in  question  are 
most  satisfactorily  explained  at  the  present  stage  of  our  knowledge  of  their 
nature  by  the  proposed  concept  of  their  structure  as  double  sulfites  of  sodium 
and  acridiniums. 

The  general  method  employed  to  synthesize  the  acridines  used  as  the  initial 
substances  is  the  reduction  of  acridones,  the  most  satisfactory  results  being 
secured  when  the  acridones  are  reduced  with  sodium  amalgam  [4]  or  metallic  sodium 
[5]  in  boiling  alcohol.  In  such  a  reduction  acridine  is  produced,  together  with 
a  large  quantity  of  9^  10-dihydroacr idine  and  a  small  quantity  of  9»10^9'A0'- 
tetrahydro-9,9' -biacridyl,  which  is  dlsproportionated  into  acridine  and  9^10- 
dihydroacridine  only  when  heated  to  high  temperature.  The  utilization  of  the 
foregoing  method  therefore  required  the  elaboration  of  conditions  that  would 
ensure  a  minute  yield  of  the  biacridyl  and  a  method  for  oxidizing  the  9>10-di- 
hydroacr idones  to  acridines. 


EXPERIMENTAL 

Acridine  and  9»lQ-DihydroacrIdine 

240  g  of  2^  sodium  amalgam  was  added  in  the  course  of  li  -  2  hours,  with 
efficient  mechanical  stirring,  to  a  suspension  of  8  g  of  acridone  in  ^00  ml  of 
95^  ethyl  alcohol  heated  to  boiling,  after  which  the  heating  was  continued  for 
another  4-5  hours.  The  mercury  and  the  insoluble  precipitate  of  9^10^9' 
tetrahydro-9,9'-t'iacridyl  v;ere  filtered  out  of  the  hot  solution,  and  all  the  sol¬ 
vent  was  driven  out  of  the  filtrate.  The  solid  residue  left  after  this  driving 
off  was  extracted  with  water  to  eliminate  the  alkali  and  then  with  hot  dilute 
hydrochloric  acid.  The  acid  extract  was  separated  from  the  9^ 10-dihydroacridine 
insoluble'  in  acids  and  then  neutralized  with  ammonia,  precipitating  acridine, 
which  had  a  m.p.  of  107*  without  purification.  The  acridine  yield  averaged  2.8  g 
or  of  the  theoretical.  The  precipitated  9>  10-dihydroacridine  had  the 

appearance  of  adhering  dark-green  clumps.  The  clumps  were  treated  with  dilute 
ammonia  to  secure  it  in  the  pure  state,  the  resulting  f inely-crystalline,  brownish- 
yellow  powder  being  recrystallized  from  diluted  alcohol,  after  which  its  m.p.  was 
171°-  The  average  yield  of  the  9^ 10-dihydroacr idine  was  4.4  g,  or  59^  of  the 
theoretical.  Reduction  of  the  insoluble  precipitate^  yielded,  in  addition  to  the 
acridine  and  the  9^  10-dihydroacridine,  some  0.4-0.45  g  of  9>10>9S10'“‘tetrahydro- 
9,9' -biacridyl,  which  fused  at  213-214*  after  recrystallization  from  an  aniline- 
benzene  mixture. 
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Oxidation  of  9f IQ-Dlhydroacrldlne 

The  9> lO-dihydroacridine  is  slowly  oxidized  to  acridine  even  when  it  is 
exposed  to  the  air.  Thus,  the  melting  point  of  a  pure  sample  of  9A0-dihydro- 
acridine  (m.p.  171°)  dropped  considerably  after  it  had  been  kept  for  two  months 
in  an  imperfectly  closed  container,  while  treating  it  with  hydrochloric  acid 
made  it  possible  to  extract  measurable  quantities  of  a  substance,  all  of  whose 
properties  were  the  same  as  those  of  acridine.  Numerous  methods  have  been  pro¬ 
posed  for  the  rapid  oxidation  of  9^ 10-dihydroacridines  to  the  respective  acri¬ 
dines  [6].  A  test  of  some  of  them  made  us  fix  on  the  patent  method  of  W. 
Perkin  and  G.  Klems  [7],  Involving  the  reaction  of  the  dihydroacridines  with 
nitrous  acid  [7]-  The  unavailability  of  the  original  patent  text  made  it 
necessary  to  work  out  the  following  procedure,  which  was  then  employed  in  all 
the  tests. 

5.^  g  of  9>10-dihydroacridine  was  dissolved  by  heating  it  in  I7O-I8O  ml 
of  SOjt  acetic  acid.  ^  The  solution  was  chilled  to  from  0°  to  -5°,  and  a  cold 
solution  of  2.1  g  of  sodium  nitrite  was  added,  with  constant  stirring,  the 
temperature  of  the  mixture  not  being  allowed  to  exceed  5° •  Everything  dis¬ 
solved  after  10  minutes  had  elapsed,  and  oxidation  was  complete.  The  solution 
was  chilled  and  then  cautiously  neutralized  with  ammonia.  The  tar  that  settled 
out  at  the  beginning  of  neutralization  was  filtered  out,  and  ammonia  was  added 
to  the  filtrate  until  a  permanent  odor  appeared.  The  resultant  acridine  precip¬ 
itate  (4. 5-4. 8  g)  was  purified  with  the  minimum  losses  by  converting  it  into 
the  sodium  salt  of  acridan-9-sulfonic  acid  by  the  method  described  below  and 
decomposing  the  latter  with  an  alkali  solution.  This  yielded  4.4-4. 7  g  of 
acridine  (84-90^  of  the  theoretical),  with  a  m.p.  of  107“* 

The  Sulfite  of  Sodium-Acr idinium,  CisHioNOaSNa *21120 

1.8  g  of  acridine,  1.9  g  of  sodium  bisulfite,  and  0.8  g  of  sodium  sulfite 
were  dissolved  by  heating  them  in  50  ml  of  water.  The  hot  solution  was  filtered, 
the  minute  colorless  needles  of  sodium-acridinium  sulfite  that  settled  out  of 
the  cooling  solution  being  suction  filtered  out  carefully  and  washed,  at  first 
with  a  small  quantity  of  40-50^  alcohol,  and  then  with  95^  alcohol,  after  which 
they  were  air-dried.  The  yield  of  sodium-acridinium  sulfite  was  2.55-2.60  g,  or 
80-82^  of  the  theoretical.  Decomposition  of  the  mother  liquor  with  an  alkali 
yielded  about  0.2  g  of  acridine  (m.p.  107°).  The  sodium-acridinium  sulfite, 
synthesized  by  the  method  described,  was  absolutely  pure  in  most  instances,  and 
could  be  analyzed  directly.  It  crystallized  with  two  molecules  of  water,  which 
it  gave  up  when  dried  at  90-95°.  As  the  water  of  crystallization  was  driven  off, 
the  salt  slowly  decomposed,  sulfur  dioxide  being  liberated,  and  acridine  and 
sodium  sulfite  being  formed.  This  transformation  is  smooth  and  lossless  when 
the  salt  was  heated  in  boiling  toluene,  so  that  it  may  be  employed  for  the 
quantitative  determination  of  water  and  of  half  the  total  sulfur  (as  SO2). 

The  following  method  was  employed  to  analyze  the  other  investigated  sodium 
sulfites  and  substituted  acridines. 

A  sample  of  the  sodium-acridinium  sulfite  (1-2  g)  was  placed  in  a  weighed 
100-ml  round-bottomed  flask  and  mixed  with  56  ml  of  anhydrous  toluene.  The 
flask  was  connected  to  a  reflux  condenser,  and  the  contents  were  boiled  for  50 
minutes;  then  all  the  toluene  was  driven  off  (the  residue  in  a  low  vacuum);, 
and  the  flask  was  weighed  with  its  dry  residue.  The  results  of  analysis  satf.s- 
fied  the  foregoing  decomposition  reaction. 

1.5678  g  subs.;  loss  in  weight  O.57IO  g.  Found  H2O  and  SO2 

23.66.  CiaHioOaNSNa.  Calc.  H2O  and  SO2  24.15. 
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The  resulting  salt  was  soluble  in  water,  though  insoluble  in  organic 
solvents.  The  aqueous  solutions  are  highly  unstable,  a  red  amorphous  deposit  set 
tling  out  after  a  relatively  short  time.  Solutions  of  the  salt  keep  indef¬ 
initely  in  closed  containers  in  the  presence  of  bisulfite.  Acridine  is  pro¬ 
duced  when  the  salt  solutions  are  acted  upon  by  caustic  alkalies.  Mineral 
acids  evolve  sulfur  dioxide  from  the  solid  salt,  an  acridine  salt  being 
formed.  We  employed  the  following  method  to  determine  the  sulfur  in  the 
resulting  salt,  as  well  as  in  the  other  sodium-acridinium  sulfites.  A 
solution  of  0.2-0. 4  g  of  sodium-acridinium  sulfite  was  alkalinized  with  a 
slight  excess  of  caustic  alkali,  the  precipitated  acridine  being  filtered  out 
and  washed.  The  filtrate,  whose  volume  must  not  exceed  100  ml,  was  slowly  poured 
with  frequent  agitation,  into  a  flask  containing  a  measured  volume  of  a  0.1  N 
solution  of  iodine  acidulated  with  concentrated  hydrochloric  acid.  The  flask 
was  closed  with  a  ground-glass  stopper,  the  excess  iodine  being  back-titrated 
with  hyposulfite  containing  starch  after  5  minutes  of  agitation. 

0.3915  g  subs.:  24.33  ml  0.1  N  l2*-  0.2592  g  subs.:  l6.22  ml  0.1  N 

Ip.  Found  %:  S  9-97,  10. 03.  Ci3Hio03NSNa-2H20.  Calc.  S  10. 05. 

2-Methylacrldlne  and  2-Methyl-9il0-dihydroacridine 

290  g  of  2%  sodium  amalgam  was  added  in  small  batches  in  the  course  of 
2  hours,  with  constant  stirring,  to  a  suspension  of  8  g  of  2-methylacr idone 
in  30^  ml  of  95^  ethyl  alcohol  heated  to  the  boiling  point.  After  all  the 
amalgam  had  been  added,  heating  was  continued  for  another  4-5  hours,  after  which 
the  insoluble  precipitate  of  2,2' -dimethyl-9, 10^9' >10*-tetrahydro-9, 9' -biacridyl 
and  the  mercury  were  filtered  out  of  the  hot  solution  of  reduction  products,  and 
all  the  solvent  was  driven  out  of  the  filtrate.  The  solid  residue  was  first  ex¬ 
tracted  with  water  and  then  with  an  excess  of  hot  dilute  hydrochloric  acid,  the 
2-methyl-acridine  dissolving  and  thus  being  separated  from  the  2-methyl-9,10- 
dihydroacridine,  which  was  insoluble  in  acids.  The  2-methylacr idlne  was  pre¬ 
cipitated  by  ammonia  or  caustic  alkalies  from  the  acid  solution  as  a  nearly 
colorless  powder;  it  was  a  wholly  pure  product  that  fused  at  134-154.5“.  Its 
yield  averaged  5-5  g,  or  ^7^  of  the  theoretical.  The  2-methyl-9, 10-dihydro- 
acridine  isolated  from  the  acid  solution  consisted  of  dark-green,  greasy  cubes; 
in  that  state  it  could  be  oxidized  to  2-methylacr idine  without  special  purifi¬ 
cation.  When  treated  with  ammonia,  it  was  converted  into  a  brownish-yellow 
powder  that  had  a  m.p.  of  157°  after  recrystallization  from  dilute  alcohol. 

The;  yield  of  the  pure  2-me thy  1-9, 10-dihydroacr idine  averaged  3  g,  or  40^  of 
the  theoretical. 

Oxidation  of  2-methyl-9, 10-dihydroacr idine  to  2-methylacridlne  occurred 
slowly  when  it  was  exposed  to  the  air  for  a  long  time.  This  transformation 
takes  place  more  quickly  when  oxidizing  agents  are  used.  The  results  were  good 
when  the  method  described  in  the  oxidation  of  9, 10-dihydroacr idine  was  used, 
employing  5*8  g  of  2-methyl-9, 10-dihydroacr idine  instead  of  the  quantity  in¬ 
dicated.  The  2-methylacr idine  thus  synthesized  could  be  purified  via  sodium- 
2-methylacr idinium  sulfite,  the  yield  of  pure  2-methylacr idine,  with  a  m.p.  of 
134°,  being  5. 2-5. 4  g,  i.e. ,  92-96^  of  the  theoretical,  based  on  the  oxidation 
of  2-me thy 1-9, 10-dihydroacr idine . 

Alongside  the  2-methylacr idine  and  the  2-methyl-9, 10-dihydroacr idine,  the 
reduction  03f  2-methylacr  idone  yielded  about  O.5  g  (some  5^  of  the  theoretical) 
of  2,2'-dimethyl-9,10,9' ,10'-tetrahydro-9,9'-biacridyl.  The  m.p.  of  the  latter 
exceeded  290*  after  purification  by  recrystallization  from  dimethylaniline  and 
benzene . 
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0.1124  g  subs.:  7-2  ml  Ng  (l8°,  758,  mm).  Found  N  7.33.  C28H24N2. 

Calc.  N.  7.22. 

When  2,2’-dimethyl-9,10,9*  ,10*-'tetrahydro-9,9'-biacrldyl  was  heated  above 
its  melting  point,  it  was  disproportionated  into  equimolecular  quantities  of 
2-methylacridine  and  2-methyl-9,10-dihydroacridine: 


/”\ 

CHaCsHa'  .C6H4 

\/  / 

I  =  CHaCeHa/ 

/\  N 

CHaCsHa/  C6H4 


/  \ 

6H4  +  CK3C6H3/  C6H4 


3.5  6  of  2,2--dimethyltetrahydrobiacridyl  was  placed  in  a  hard  glass  tube 
sealed  at  once  and  heated  over  an  open  flame  for  1  hour.  The  resultant  mixture 
of  2-methylacridine  and  2-methyl-9, 10-dihydroacr idyl  was  separated  by  treating 
it  with  dilute  hydrochloric  acid.  This  yielded  1.55  g  of  2-methylacridine 
of  the  theoretical)  and  I.65  g  of  2-methyl-9, 10-dihydroacr idine  (93*3^  of  the 
theoretical).  These  substances  were  identical  with  the  corresponding  products 
of  xhe  reduction  of  2-methylacridone  (mixed  fusion  tests). 

The  Sulfite  of  Sodium-2-methylacridinium 
CHsCisHsNOsSNa •4H2O 


1.9  g  of  2-methylacridine,  1.8  g  of  sodium  bisulfite,  and  0.8  g  of  sodium 
sulfite  were  dissolved  by  heating  them  in  I5  ml  of  water  over  a  water  bath.  The 
solution  was  filtered,  and  the  chilled  filtrate  was  saturated  with  sodium  chloride, 
After  some  time  had  elapsed  a  finely  crystalline,  nearly  colorless  precipitate  of 
the  sulfite  of  sodium-2-methylacridinium  settled  out.  The  latter  was  carefully 
suction  -  filtered  out  of  the  mother  liquor,  washed  with  1-2  ml  of  ice  water  at 
first  and  finally  with  alcohol  and  ether.  The  yield  of  the  sulfite  of  sodium-2- 
acrldinium,  which  was  a  completely  pure  product,  was  2.85  g,  or  75^  of  "the  theor¬ 
etical.  About  0.45  g  of  2-methylacridine  could  be  recovered  by  alkalinizing  the 
mother  liquor. 

0.3471  g  subs.:  18.21  ml  0.1  N  I2.  O.32O5  g  subs.:  17.04  ml  0.1  N. 

I2.  Found  iox  S.  8.51,  8.52.  Ci4Hi203NSNa-4H20.  Calc.  S  8.68. 

The  synthesized  salt  was  insoluble  in  organic  solvents,  but  was  very  readily 
soluble  in  water.  The  aqueous  solutions  were  rose-colored  or  flesh-red,  a  dark- 
green  amorphous  precipitate  settling  out  when  they  were  allowed  to  stand.  When 
stored  in  the  presence  of  bisulfite  the  solutions  keep,  without  changing.  The 
sulfite  of  sodium-2-acr idinium  behaves  like  the  sulfite  of  sodium-acr idinium  in 
the  presence  of  alkalies  or  acids.  When  it  was  heated  (say,  by  boiling  with 
toluene),  it  decomposed  quantitatively  as  follows: 

2(CH3Ci3H8N*NaHS03-4H20)  =  2CH3C13H8N  +  Na2S03  +  9H2O  +  SO2. 

0.9034  g  subs.:  loss  in  weight  0.2778  g.  Found  H2O  and  SO2  30.75. 

Ci4Hi203NSNa-4H20.  Calc.  H2O  and  SO2  30.63 . 
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2-Methoxyacr Idlne 

In  contrast  to  the  preceding  instances  of  the  reduction  of  acridones,  the 
reduction  of  2-methylacridone  by  sodium  amalgam  is  less  smooth,  resulting  in  the 
formation  of  large  quantities  of  a  substance  whose  properties  resemble  those  of 
the  tetrahydro-9,9’ -biacridyl  mentioned  above,  which  apparently  is  a  dimethoxy 
substitution  derivative  of  this  series  of  compounds.  Good  results  can  be  obtain¬ 
ed  by  employing  the  following  modification  of  the  method  of  W.  Borsche,  F. 
Runge,  and  W.  Trautner  [8]. 

6  g  of  sodium  were  added  to  a  boiling  solution  of  5  g  of  2-methoxyacridone 
in  150  ml  of  95^  alcohol,  and  the  solvent  was  driven  off  after  the  sodium  had 
dissolved.  The  remaining  solid  mixture  of  reduction  products  was  dissolved 
(after  having  been  extracted  with  water  containing  alkali)  in  7O-8O  ml  of  hot 
80^  acetic  acid.  The  hot  solution  was  filtered,  the  filtrate  being  chilled 
to  0-5°  and  vigorously  stirred  while  a  cold  solution  of  1.0  g  of  sodium  nitrite 
in  10  ml  of  water  was  added.  Oxidation  was  complete  in  10  to  I5  minutes.  The 
cold  solution  was  cautiously  neutralized  with  ammonia  until  single  floes  of  a 
precipitate  contaminated  with  tarry  products  appeared.  The  liquid  was  filtered, 
and  then  the  neutralization  with  ammonia  was  completed  (a  manifest  odor  of 
ammonia).  The  crude  2-methoxyacridine  (m.p.  88-9^°)  was  purified  by  converting 
it  into  the  sulfite  of  sodium-2-methoxyacr idinium  and  decomposing  the  latter  with 
ammonia.  The  yield  of  pure  2-methoxyacridine,  with  a  m.p.  of  103°,  was  1.8-1. 9  g 
or  65-68^  of  the  theoretical. 

The  Sulfite  of  Sodlum-2-methoxyacridinium 
CH30Ci3H9N03SNa-9H20 

1  g  of  2-methoxyacridine,  1  g  of  sodium  bisulfite,  and  O.5  g  of  sodium  sul¬ 
fite  were  dissolved  by  heating  them  in  10  ml  of  water  over  a  water  bath.  The 
solution  was  filtered,  and  the  filtrate  saturated  in  the  cold  with  sodium  chlor¬ 
ide.  After  a  fairly  long  time  had  elapsed,  the  nearly  colorless  floes  of  the 
sulfite  of  sodium-2-methoxy-acr idinium  settled  out.  The  latter  were  filtered 
out  and  washed,  at  first  with  30-40^  alcohol,  then  with  95^  alcohol,  and  finally 
with  ether.  The  resulting  salt  required  no  further  purification.  Its  yield 
totaled  about  1.6  g,  or  70^  of  the  theoretical. 

0.1296  g  subs.:  5*68  ml  0.1  N  Ig-  0.2133  g  subs.:  9*25  ml  0.1 

I2.  Found  S  6.87,  6.8O.  Ci4Hi204NSNa*9H20.  Calc.^:  S  6.74. 

The  resultant  sodium  salt  was  very  highly  soluble  in  water,  though  in¬ 
soluble  in  organic  solvents.  Its  aqueous  solutions  had  the  same  properties  as 
those  of  the  other  sodium-acr idinium  sulfites,  while  its  behavior  with  acids 
and  alkalies  resembled  that  of  the  latter  sulfites.  It  evolved  water  and 
sulfur  dioxide  when  boiled  in  toluene,  decomposing  to  2-methoxyacridine  and 
sodium  sulfite: 

2(Ci4Hii0N'NaHS03“9H20)  =  2C14H11ON  +  Na2S03  +  I9H2O  +  SO2. 

1.2354  g  subs.:  loss  in  wt.  0.4485  g-  Found  'jt:  .H2O  and  SO2  36.3* 

Ci4Hi204NSNa*9H20.  Calc.  H2O  and  SO2  36.0. 

SUMMARY 

It  has  been  found  that  the  reaction  of  acridine,.  2-methylacr idine,  and 
2-methoxy-acr idlne  with  sodium  bisulfite  yields  compounds,  the  simplest  of 
which  is  identical  with  Lehmstedt's  and  Wirth  s  sodium  salt  of  acridan-9- 
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sulfonic  acid. 

Investigation  of  the  properties  of  the  compounds  synthesized  has  estab¬ 
lished  that  they  are  instantaneously  decomposed  to  acridine  and  neutral  sodium 
sulfite  by  the  action  of  dilute  alkalies,  to  a  salt  of  acridine  and  sulfur  di¬ 
oxide  by  the  action  of  mineral  acids,  and  are  quantitatively  decomposed  by  heating 
to  as  low  as  100-110°  into  acridine,  neutral  sodium  sulfate,  sulfur  dioxide,  and 
water . 

The  combination  of  all  these  properties  forces  us  to  assign  the  structure 
of  double  sulfites  of  sodium  and  acridiniums  (sodium-acridinium  sulfites)  to  the 
compounds  synthesized. 

The  reduction  of  acridone,  2-methylacridone,  and  2-methoxyacridone  by 
sodium  and  sodium  amalgam  in  alcohol,  the  separation  of  the  reduction  products, 
and  the  oxidation  of  the  9, 10-dihydroacridines  to  acridines  have  been  described. 
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SYNTHESES  OF  ANTHELMINTHIC S  OF  THE  COUMARIN  SERIES 


I.  Ya.  Rostovsky  and  M. 


A.  Panyukova 


Researches  on  various  lactones  and  derivatives  of  polyhydrlc  phenols 
(phloroglucinol  and  resorcinol)  occupy  a  special  place  in  the  work  on  the 
synthesis  of  anthelminthic  compounds.  In  this  connection  we  have  synthesized 
compounds  that  are  both  lactones  and  phenol  derivatives,  in  the  expectation 
that  they  would  display  considerable  anthelminthic  activity. 

The  lactone  ring  is  a  typical  group  in  the  molecule  of  santonin,  a  natural, 
highly  active  anthelminthic.  Numerous  syntheses  of  veirious  lactones  have  still 
failed  to  disclose  any  new  highly  active  vermifuge.^ 

Derivatives  of  the  polyhydrlc  phenols,  such  as  phloroglucinol,  are  the  active 
principle  in  the  extract  of  the  male  fern  (Aspidium  filixmas;,,  which  has  long 
been  used  as  a  vermifuge  [2].  The  filixlc  acid,  albaspidin,  and  flavaspidic 
acid  recovered  from  these  extracts  are,  according  to  Rohm  [3],  methylene-bis 
derivatives  of  phloroglucinol. 

The  researches  of  P.  Karrer  [4],  undertaken  in  connection  with  Bohm's 
investigations,  have  shown  that  the  methylene-bis  derivatives  of  phloroglucinol 
are  slightly  anthelminthic,  being  inferior  in  this  respect  to  the  phloroglucinol 
derivatives  that  have  no  methylene  bridge.  Various  derivatives  of  resorcinol 
also  possess  anthelminthic  properties.  Hexylresorcinol  (ij,  for  instance,  has 
been  utilized  as  a  vermifuge  for  invasions  of  ascarids  and  ancylostomes  [5]. 

In  our  research  we  have  synthesized  compounds  possessing  the  hexylresorcinol 
(l)  group  and  containing  the  lactone  ring  of  coumarin  (ll).  We  selected  this 
lactone  because  coumarin  itself  exhibits  a  narcotic  action  upon  rainworms  [6], 
evidence  of  potential  vermifuge  properties  of  coumarin  [7]  and  its  derivatives. 


These  compounds  were  synthesized  by  condensing  hexylresorcinol  (l)  with 
cyanacetlc  acid  (or  its  ester j.  The  reaction  yielded  the  ketimine  of  a  coumarin 
compound  (2-oxo-4-imino-6-hexyl-7-hydroxychroman  (ill),  the  yield  being  3^  of*  "the 
theoretical . 

1)  E.g. ,  cf  the  paper  by  S.  I.  Sergievskaya  and  A.  V.  Danilova  on  the  syn¬ 
thesis  of  derivatives  of  tetrahydronaphthalene  with  a  lactone  ring  [1]. 
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N 


L 


ZnCl? 

(HCl) 


■> 


(I) 


(III) 


When  the  ketimine  (ill)  vas  hydrolized  with  hydrochloric  acid,  a  satis¬ 
factory  yield  of  4,7-dihydroxy-6-hexylcoumarin  (IV)  was  obtained: 


(III) 


HgO 


HCl, 


(IV) 


The  products  synthesized  contained  the  reactive  methylene  group  (at  the 
3  position)  and  react  smoothly  with  formaldehyde  in  alcoholic  solution  yield¬ 
ing  methylene-bis  compounds  much  as  benzotetronic  acid  (4-hydroxycoumarin)  [8] 
yields  the  so-called  *'dlcoumai'ol''  (methylene-bis-4-hydroxycoumar in)  [9]- 


(VI) 


The  ketimine  (ill)  and  the  4,7-dihydroxy-6-hexylcoumarin  (IV)  are  readily 
crystallizabie  substances  that  are  spar ingly  soluble  in  water;  they  burn  the 
tongue  and  cause  a  slight  anesthesia.  Alkaline  solutions  of  these  substances, 
especially  of  Substance  (IV),  display  a  beautiful  bluish-violet  fluorescence, 
such  as  characterizes  the  7-hydroxycoumarins . ^ 

A  test  of  the  anthelminthic  action  of  solutions  of  the  ketimine  and  of 
4,7-dihydroxy-6-hexylcoumarin  in  a  physical  liquid  (3  mg  of  the  substance  per 
ICXD  ml  of  physiological  solution)  on  rainworms  indicated  considerable  activity, 
about  equal  to  the  activity  of  hexylresorcinol .  Experiments  on  cats,^  showed 

1)  This  test  was  performed  by  N.  I.  Efimov,  to  whom  we  wish  to  express 
our  thanks. 

2)  V.  L.  Zolotovin  and  L.  P.  Zharova  have  employed  this  property  of  the  syn¬ 
thesized  substances  for  use  as  acid-basic  indicators  in  the  titration  of  turbid 
and  colored  liquids  [10]. 
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that  these  compounds  were  not  tolerated  too  well  by  animals  in  doses  of  0. 1-0.2 
g,  causing  hyperemia  of  the  intestinal  tract,  so  that  the  use  of  large  doses 
was  inadvisable.  In  the  doses  specified  the  synthesized  compounds  (ill)  and 
(IV)  did  not  display  the  expected  anthelminthic  action. 

EXPERIMENTAL 

1.  Synthesis  of  2-oxo-4-amino-6-hexyl-7-hydroxychroman  (ill; .  48.5  g 

(0.25  mol)  of  hexy  Ire  sore  inol  (^m.p.  ^1-69°),  21.3  g  (O.25  mol)  of  cyanacetic  acid, 
150  ml  of  absolute  ether,  and  l4.5  g  of  freshly  fused  zinc  chloride,  ground  to 

a  powder,  were  placed  in  a  250-ml  round -bottomed  three-necked  flask  fitted  with 
a  liquid-seal  mechanical  stirrer,  a  condenser  and  a  gas  inlet  tube.  The  flask 
was  placed  in  an  ice-water  bath,  and  a  strong  current  of  hydrogen  chloride  was 
passed  through  the  suspension  while  the  stirrer  was  running.  As  the  reaction 
proceeded,  the  hexy Iresorc inol  and  the  zinc  chloride  dissolved,  the  solution 
turning  a  dark-cherry  color.  After  the  hydrogen  chloride  had  been  passed  through 
the  reaction  mass  for  six  or  seven  hours,  it  turned  cloudy  and  separated  into  two 
layers,  ethereal  and  oily.  The  ether  was  driven  off  over  a  water  bath,  the  thick, 
dark  cherry-red  oil  remaining  in  the  flask  being  treated  with  about  6OO  ml  of 
water.  Adding  the  water  and  stirring  for  about  an  hour  caused  the  oil  to  cry¬ 
stallize  gradually  into  a  pinkish  greasy  paste.  After  being  squeezed  out  on  a 
plate  the  ketimine  (ill)  was  a  nearly  colorless  powderlike  product  (m.p.  I58- 
l40®).  The  yield  was  50  g*  Recrystailization  by  boiling  it  in  three  times  its 
weight  of  alcohol  containing  activated  charcoal  yielded  30  g  of  the  substance  as 
orthogonal  platelets  with  a  m.p.  of  171-172°.  The  yield  was  46^  of  the  theoreti¬ 
cal.  Recrystailization  from  alcohol  yielded  I8  g  of  a  substance  with  a  constant 
m.p.  of  175-176°.  The  substance  fluoresces  beautifully  at  a  pH  of  5-6  and  up¬ 
ward  . 

An  alcoholic  solution  of  the  ketimine  (IIIJ  reacts  readily  when  heated  with 
a  55%  aqueous  solution  of  formaldehyde,  yielding  80-90%  of  methylene-bis-(2-oxo- 
-4-iminG-6-hexyl-7-hydroxychr'oman j  as  minute  colorless,  silky  needles,  growing  in 
clusters  M.p.  l84-l85° 

4  13  mg  substance:  O.I96  ml  N2  (17* ^  750  mm^;  5-09  mg  substance:  0.235  ml 
N2  (17*  750  mmj.  Found  %:  N  5.5I,  5.35-  C15H19NO3  Calculated  %:  N  5-36. 

3  35  mg  substance:  0  1548  ml  N2  (17*  750  mmj;  5-21  mg  substance:  0.245  ml 
N2  (17°,  750  mmj.  Found  %:  N  5.49,  5-^6.  C31H38N2O6.  Calculated  %:  N  5.24. 

2.  Synthesis  of  4,7-aihydroxy-6-hexylco’amarin  (TV).  5-2  g  (0.02  molj  of  the 
ketimine  ''IID  and  I50  ml  of  25%  hydrochloric  acid  were  placed  in  a  round- 
bottomed  flask  fitted  with  a  reflux  condenser  and  heated  for  eight  hours  over  a 
boiling  water  bath.  The  ketamine  dissolved  after  10  to  I5  minutes  of  heating, 
forming  a  light  cherry-red  oil.  As  heating  continued,  the  oil  slowly  turned 
into  a  crystalline  product,  which  was  filtered  out,  washed  with  100  ml  of  water, 
and  pressed  on  a  clay  plate  to  remove  all  traces  of  oily  impurities.  This  yielded 
5  g  of  a  substance  that  crumbled  into  powder.  After  recrystailization  from  three 
times  its  weight  of  alcohol  containing  activated  charcoal  the  product  consisted 

of  microscopic  orthogonal  platelets  in  clusters.  M.p.  220-221*;  yield  3  g,  or 
58%  of  the  theoretical. 

Recrystailization  from  alcohol  yielded  1.8  g  of  a  substance  with  a  constant 
m.p  of  228-229*.  4,7-Dihydroxy-6-hexylcoumarln  is  freely  soluble  in  the  usual 
organic  solvents. 

0.0342  g  substance:  O.O85O  g  CO2;  0.0212  g  H2O.  Found  %:  C  67.78;  H  6.93- 
C1EH13O4.  Calculated  %:  C  68.68;  H  6  92 
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The  lower  percentage  of  carbon  in  the  recrystallized  product  is  apparently 
due  to  the  difficulty  of  eliminating  the  contaminating  dihydroxyhexylacetophen- 
one,  formed  when  the  alcoholic  solution  of  the  substance  was  boiled. 

An  alcoholic  solution  of  4,7-dihydroxy-6-hexylcoumarin  (IV)  reacted  readily 
with  55^  aqueous  solution  of  formaldehyde,  producing  a  nearly  quantitative  yield 
of  methylene-bis- (^,7-dihydroxy-6-hexylcoumarin) ,  consisting  of  minute  needles 
with  a  m.p.  of  27^-275“*  The  product  was  analyzed  without  preliminary  purifica¬ 
tion,  owing  to  its  sparing  solubility  in  most  organic  solvents. 

0.04l^  g  substance:  0  1052  g  CO2J  O.O252  g  H2O.  Found  C  69. 30;  H  6.8I. 
C31H36O8.  Calculated  C  69  42;  H  6.7I, 

SUMMARY 

In  a  search  for  new  anthelminthics  new  coumarin  compounds  have  been  synthes¬ 
ized:  2-hydroxy-4-imino-6-hexyl-7-hydroxychroman  [the  ketimine  (ill)]  and  4,7- 
-dihydroxy-6-hexylcoumarin  (IV).  These  compounds  produced  hyperemia  of  the 
intestinal  tract  when  adminstered  in  doses  of  0.1  -  0.2  g  to  cats,  without 
displaying  any  marked  anthelminthic  properties. 
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CHEMICAL  STRUCTURE  AND  PARASITIC IDAL  ACTIVITY 

X.  THE  EFFECT  OF  STRUCTURAL  FEATURES  OF  THE  CYCLIC  SIDE-CHAIN  SUBSTITUENT  UPON 
ANTIMALARIAL  ACTIVITY  OF  QUINOLINE  AND  ACRIDINE  DERIVATIVES 

(THE  PART  PLAYED  BY  THE  LOCATION  OF  THE  METHYLENE  GKOUP) 

V.  I.  Stavrovskaya 


The  substitution  of  an  aliphatic -aromatic  "  cyclic  side-chain  substituent" 
for  an  aliphatic  amine  in  acridine  and  quinoline  antimalarials  previously  gave 
us  substances  of  Type  (l),  which  possessed  appreciable  antimalarial  activity: 

NIP-Ar — CH2N(C2H5)2  NH— At — CH2N(C2H5)2 


(IJ 


The  present  paper  represents  a  continuation  of  this  reseeurch  on  the  synthesis 
of  antimalarials  with  a  "  cyclic  side-chain  substituent".  The  following  end 
products  have  been  synthesized:  2-methoxy-6-chloro-9- (m-diethylamino-benzyl)- 
-aminoacridine  and  6-methoxy-8-(m-diethylaminobenzyl)-aminoquinoline  may  be  classed 
as  Type  (ll),  with  a  CH2  group  located  between  the  heterocyclic  compound  and  the 
aromatic  amine. 


II 


I 


Tests  of  the  quinoline  derivative  on  PI.  relictum  in  siskins  indicated  that 
it  possessed  barely  perceptible  antimalarial  activity,  while  the  acridine  deriva¬ 
tive  was  inactive. 

In  a  paper  by  Funke,  Bovet,  and  Montezin  [1],  the  authors  describe  a  number 
of  acridine  and  quinoline  compounds  of  Type  (lllj,  in  which  we  see  that  a  (CH2)n 
group  is  located  between  the  aromatic  ring  and  the  heterocyclic  one,  with  a  CHa 
group  between  the  aromatic  ring  and  the  -  N(C2H5J2  (n  =  1  or  2): 

Most  of  these  compounds  display  appreciable  suit ima leu: ial  activity,  approaching 
that  of  atebrin. 
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What  is  more,  a  comparison  of  Compounds  ^  10.028  and  ^  5-9^8  [2]  [the 
latter  may  be  classed  as  Type  (IV)]  demonstrates  the  great  drop  in  antimalarial 
activity  entailed  by  eliminating  the  CHs  group  between  the  aromatic  ring  and  the 
N (02115)2  group: 


SN  10.028  SN  5.9^8  (IV) 


Upon  Consideration  of  the  structure  of  the  substances  we  have  synthesized,  (l) 
and  (ll),  and  of  the  data  in  the  literature  cited,  we  see  that  the  appreciable 
activity  of  these  compounds  is  related  to  the  replacement  of  the  aliphatic 
amine  by  an  aliphatic  aromatic  amine,  rather  than  a  purely  aromatic  one.  More¬ 
over,  the  location  of  the  CH2  group  affects  the  degree  of  activity  of  these 
compounds:  its  position  between  the  aromatic  amine  and  the  N(C2H5;2  group  yields 
a  compound  that  possesses  appreciable  activity.  Eliminating  the  CH2  group  at  this 
position  or  locating  it  between  the  heterocyclic  compound  and  the  aromatic  amine 
lowers  the  effectiveness  of  these  compounds  considerably. 

For  our  synthesis  of  6-methoxy-8- (m-diethylaminobenzyl) -aminoquinoline  and 
2-methoxy-6-chloro-9-(m-diethylaminobenzyl j-aminoacridine  we  prepared  the  respect¬ 
ive  aliphatic -aromatic  amines,  viz . :  m-diethylaminobenzyl  chloride  (V)  and  m-diethyl- 
aminobenz.ylamine  (VI _  _ 


{  \ - CH2C1 

- CH2NH2 

p ^ 

n(C2H5;2 

(Vj 

^ ^ 
N(C2H5)2 

(VI; 

In  synthesizing  (V;  we  started  out  with  m-nitrobenzaldehyde  dimethyl  acetal;, 
which  we  reduced  to  m-aminobenzaldehyde  dimethyl  acetal  with  sodium  hydrosulfide. 

Haworth  and  Lapwcrth  [5]  synthesized  the  latter  product  but  did  not  give  its 
constants.  Nor  are  these  figures  to  be  found  in  the  paper  by  Cocker  and  his 
associates  [^4-],  who  used  unrefined  m-aminobenzaldehyde  dimethyl  acetal  to  synthesize 
m-diethylaminobenzaldehyde . 


We  tried  to  distil  the  resultant  m-aminobenzaldehyde  dimethyl  acetal  in  vacuum. 
The  substance  began  to  decompose  at  about  70°  at  a  vacuum  of  6-7  nnn,  a  volatile 
product  that  did  not  condense  in  the  receiver  being  evolved  rapidly,  and  the 
temperature  and  pressure  continuously  varying  over  a  wide  range.  Then  a  small 
quantity  of  a  yellowish  liquid  was  distilled,  the  residue  in  the  flask  thickening 
greatly  and  turning  into  an  amber-colored  transparent  solid  mass  upon  cooling. 

An  effort  to  distil  the  secondary  fraction  was  unsuccessful.  This  is  not  a 
thoroughgoing  decomposition  of  m-aminobenzaldehyde  dimethyl  acetal,  however,  but 
rather  its  polycondensation  with  the  splitting  out  of  methanol,  in  accordance  with 
one  of  the  following  possible  reactions: 


The  reason  underlying  this  conclusion  is  that  a  polymer  of  m-aminobenzaldehyde 
settled  out  when  the  product  was  dissolved  in  10^  hydrochloric  acid  and  then 
alkalinized  with  a  caustic  soda  solution,  acetylation  of  the  polymer  with  acetic 
anhydride  [5]  yielding  m-acetaminobenzaldehyde,  while  processing  the  polymer  with 
hydrochloric  methanol  reconverted  it  into  m-aminobenzaldehyde  dimethyl  acetal. 

The  identity  of  the  latter  substance  was  established  by  converting  it  into  m-diethyl- 
aminobenzaldehyde . 

We  effected  the  further  transformation  of  m-aminobenzaldehyde  dimethyl  acetal 
into  m-diethylaminobenzaldehyde  by  heating  it  in  aqueous  alcohol  for  8  hoirrs  with 
ethyl  iodide  over  a  water  bath.  This  method  is  superior  to  that  employed  by 
Cocker  and  Harris  [6],  who  agitated  m-aminobenzaldehyde  dimethyl  acetal  with  ethyl 
sulfate  in  alkalinized  ether  for  seven  days.  We  secured  m-diethylaminobenzylamine 
(VI)  from  m-diethylaminobenzyl  chloride  via  the  latter's  phthalimide  derivative, 
decomposing  the  latter  with  hydrazine  hydrate. 

We  wish  to  express  our  gratitude  to  Prof.  Sh.  D.  Moshkovsky  and  S.  A.  Syrkin 
for  the  biological  tests  they  carried  out. 

EXPERIMENTAL 

m-Nitrobenzaldehyde  dimethyl  acetal  2h  g  of  m-nitrobenzaldehyde  was 
dissolved  in  120  ml  of  methanol  and  HCl  and  allowed  to  stand  at  room  temperature 
for  6  days,  after  which  the  liquid  was  poured  into  a  2^  solution  of  sodium  hydrox¬ 
ide  ana  extracted  with  ether.  The  ethereal  solution  was  dessicated  with  potash. 

The  residue  left  after  the  ether  had  been  driven  off  was  vacuum  distilled  at  l62-l63° 
at  19  The  product  totaled  26.7  g-  The  yield  was  85^. 
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m-Aminobenzaldehyde  dimethyl  acetal  was  synthesized  by  reducing  m-nitrobenz- 
aldehyde  dimethyl  acetal  with  sodium  hydrosulfide  [4].  The  m-nitrobenzaldehyde 
dimethyl  acetal  (12  g)  was  added  a  drop  at  a  time  to  a  heated  solution  of  sodium 
sulfide  (40  g)  in  40  ml  of  water  and  20  ml  of  hydrochloric  acid  (sp.gr .1.19) . 

After  the  drop-by-drop  addition  was  over,  the  reaction  liquid  was  boiled  for  6 
hours,  allowed  to  cool,  and  extracted  with  ether.  The  ether  solution  was  washed 
with  water  and  dessicated  with  potash.  Driving  off  the  ether  left  a  reddish- 
yellow  oil  totaling  10.8  g. 

m-Diethylaminobenzaldehyde.  An  alcoholic  solution  (I50  ml)  of  m-aminobenz- 
aldehyde  dimethyl  acetal  (20.5  g)  a^nd  ethyl  iodide  (56  g)  was  added  to  a  solution 
of  55  6  of  soda  in  135  nil  of  water,  and  the  reaction  liquid  was  heated  over  a 
water  bath  until  the  flask  contents  boiled  for  8  hours.  Upon  cooling,  the  mineral 
precipitate  was  filtered  out  of  the  solution  and  washed  repeatedly  in  alcohol,  the 
wash  alcohol  being  combined  with  the  reaction  liquid.  The  alcohol  and  the  unreact¬ 
ed  ethyl  iodide  were  driven  off,  and  the  liquid  remaining  was  extracted  with  ether, 
the  ether  solution  being  agitated  with  20^  hydrochloric  acid  (three  60-ml  batches). 

The  H2SO4  solution  was  chilled  and  then  alkalinized  with  10^  sodium 

hydroxide  solution  and  extracted  with  ether,  the  ether  solution  being  dessicated 
with  sodi'-an  sulfate.  The  yellow  oil  left  after  the  ether  had  been  driven  off 
was  distilled  in  vacuum  -  b.p.  131-152'’  at  5  (The  b.p.  is  given  in  the 

literature  as  136-138°  at  6-7  mm  [6]j.  The  yield  of  the  m-diethylaminobenzalde- 
hyde  was  12.7  g>  or  58^  of  the  theoretical.  The  picrate  had  a  m.p.  of  146'’,  which 
agrees  with  the  figure  given  in  the  literature. 

m-Diethylaminobenzyl  alcohol  was  prepared  in  a  Cannizzaro  reaction  from 
m-diethylaminobenzaldehyde  in  an  alkaline-alcoholic  medium  containing  formaldehyde. 

A  solution  of  m-diethylaminobenzaldehyde  (15-^  &)  in  100  ml  of  alcohol  was  combin¬ 
ed  with  12  ml  of  formalin  and  a  solution  of  potassium  hydroxide  (27  gj  in  30  ml 
of  water,  with  constant  stirring.  The  temperature  rose  from  10  to  l4*.  The 
solution  was  then  poured  into  a  cylinder  with  a  ground-glass  stopper,  shaken  up 
energetically,  and  kept  in  a  40°  water  bath  for  one  hour,  after  which  the  liquid 
was  poured  into  25O  ml  of  water  and  extracted  with  ether,  the  ether  solution  being 
desiccated  with  sodium  sulfate.  The  yellow  oil  left  after  the  ether  had  been 
driven  off  was  distilled  in  a  vacuum  of  3  nim  at  155**  The  yield  was  13.0  g, 
or  85^  of  the  theoretical.  m-Diethylaminobenzyl  alcohol  is  a  yellowish  liquid 
that  is  freely  soluble  in  alcohol,  benzene,  ether,  and  acids,  though  insoluble  in 
alkalies  or  water. 

7.978  mg  substance:  O.568  ml  Ng  (24*,  736  mm;.  6.594  ml  substance:  0.470  ml 
N2(22°,  752  mm).  Found  N  7-92;  7-94.  CnHiyON.  Calculated  ‘ji:  N  7.82. 

m-Diethylaminobenzyl  chloride  (v;  was  synthesized  from  m-diethylaminobenzyl 
alcohol  and  phosphorus  pentachlor ide .  I8  g  of  phosphorus  pentachlor ide  was  added 
a  little  at  a  time  to  15.4  g  of  m-diethylaminobenzyl  alcohol,  a  violent  reaction 
resulting,  with  considerable  warming  of  the  reaction  mass,  which  died  down  toward 
the  end  of  the  addition.  After  all  the  phosphorus  pentachlor ide  had  been  added, 
the  liquid  was  heated  over  a  boiling  water  bath  for  an  hour.  When  the  reaction 
mass  had  cooled,  pieces  of  ice  were  added,  and  the  aqueous  solution  was  alkalin¬ 
ized  with  ammonia  until  an  oily  product  settled  out.  The  latter  was  extracted 
with  ether,  the  ether  solution  being  washed  with  water  and  dessicated  with  sodium 
sulfate.  The  liquid  left  after  the  ether  had  been  driven  off  was  distilled  at  120° 
in  a  3-iiini  vacuum.  The  yield  was  11  g,  or  64^  of  the  theoretical. 

m-Diethylaminobenzyl  chloride  is  a  light-yellow  oil  with  an  aromatic  fragrance, 
which  is  freely  soluble  in  alcohol,  ether,  benzene,  and  acids,  but  is  insoluble  in 
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water  or  alkalies. 

6.037  mg  substance:  0.592  ml  Ng  (22°,  737  mm).  3*^85  mg  substance:  0.235  ml 
N2  (24°,  738  mm).  Found  N  7-29,  7.53.  CnHieNCl.  Calculated  N  7. 11 

The  picrate  consisted  of  minute  rhombohedrons  with  a  m.p.  of  111-112° 
after  crystallization  from  alcohol. 

3.441  mg  substance:  0  412  ml  N2(24°,  732  mm).  3.9^0  mg  substance:  0.48l  ml 
N2(23%  739  mm).  Found  N  15  25,  13  62.  C17H19OTN4CI.  Calculated  N  13.14. 

Distillation  of  m-diethylaminobenzylchlor ide  at  an  insufficient  vacuum  or 
at  too  high  a  temperature  results  in  partial  decomposition  of  the  product.  The 
hydrogen  chloride  evolved  reacts  with  the  base  to  form  the  hydrochloride  of  m- 
-diethylaminobenzyl  chloride,  which  settles  out  as  white  crystals  that  float  on 
the  liquid  base  in  the  receiver.  The  hydrochloride  was  likewise  secured  by  pass¬ 
ing  anhydrous  hydrogen  chloride  through  a  solution  of  the  base  in  ether  or 
through  the  base  directly,  no  solvent  being  used.  It  is  freely  soluble  in  alcohol, 
soluble  in  water  (turning  the  solution  cloudy),  and  insoluble  in  ether.  M.p.  124*. 

6-Methoxy-8- (m-diethylaminobenzyl ) -aminoquinoline .  m-Diethylaminobenzyl 
chloride  (lO.l  g)  was  heated  over  an  oil  bath  with  6-methoxy-8-aminoquinoline 
for  8  hours  at  134-145°.  Upon  cooling  the  solidified  mass  was  dissolved  in  water, 
and  the  filtered  solution  was  alkalinized  with  a  lO^  solution  of  sodium  hydroxide. 

The  thick,  brown  oil  that  settled  out  was  extracted  with  ether,  and  the  ether 
solution  was  dessicated  with  potash.  The  residue  left  after  the  ether  had  been 
driven  off  was  distilled  in  vacuum.  The  initial  fraction,  collected  at  170-230° 
and  5-6  mm,  consisted  principally  of  the  unreacted  6-methoxy-8-aminoquinoline 
(2.5  g  ).  The  second  fraction,  collected  at  235-245*  and  3  mm,  was  the  base 
6-methoxy-8- (m-diethylaminobenzyl) -aminoquinoline.  The  yield  was  6.7  g  (391^'  of 
the  theoretical J . 

The  base  is  a  very  thick,  slightly  yellowish  oil,  displaying  green  fluores¬ 
cence,  that  darkens  rather  quickly  when  exposed  to  the  air.  It  is  freely  soluble 
in  alcohol,  benzene,  ether,  and  acids  but  is  insoluble  in  water  or  alkalies. 

4.785  mg  substance:  0.549  ml  N2(24°,  737  mmj  4.559  mg  substance:  O.529  ml 
N2(24°,  737  mm).  Found  N  12.79,  12.93.  C21H25N3O.  Calculated  N  12.54. 

The  orange  dipicrate  had  a  m.p.  of  l60° . 

5.779  mg  substance:  0.549  ml  N2  (24°,  739  mm;.  2.519  mg  substance:  O.363  ml 
N2(24°,  739  mm;.  Found  N  16.25,  I6.IO.  C33H31O15N9.  Calculated  N  I5.89. 

m-  Diethylaminobenzylphthalimide .  A  well-mixed  mixture  of  phthalimide  (l4.7  g) , 
m-diethylaminobenzyl  chloride  (l9.7  S) ,  and  potash  (6.9  S)  was  heated  to  l80-l85° 
for  4  hours  over  an  oil  bath  The  reaction  mass  was  distilled  with  steam  to  drive 

off  the  unreacted  substances.  The  thick  dark-brown  substance  remainin  within  the 
flask  was  extracted  with  ether,  and  the  ether  solution  dried  with  sodium  sulfate. 
Driving  off  the  ether  left  29  g  of  a  thick  brown  product,  which  was  distilled  at 
238-242°  in  a  3-mm  vacuum.  The  yield  was  24.8  g,  or  80.5^  of  the  theoretical. 

The  slightly  mobile  yellowish-red  liquid  slowly  thickened  when  kept  in  a 
vacuum  desiccator.  m-Diethylaminobenzylphthalimide  is  freely  solible  in  alcohol, 
benzene,  and  acetic  acid. 

6.206  mg  substance:  0.490  ml  N2(l8°,75^  mm).  6.288  mg  substance:  0.519  ml 
N2(20°,  755  mm;.  Found  N  9.19,  9.53.  C19H21O2N2.  Calculated  N  9.O6. 

iB-Diethylaminobenzylamine  (VI}.  Hydrazine  hydrate  (5  g)  was  added  to  a  solu¬ 
tion  of  m-diethyiaminobenzylphtha limide  (LO.3  g)  in  20  ml  of  absolute  alcohol,  and 
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the  reaction  liquid  was  heated  for  an  hour  over  a  boiling  water  bath.  A  yellow¬ 
ish  solid  began  to  separate  out,  its  bulk  gradually  increasing.  When  heating  was 
complete,  the  alcohol  was  driven  off,  and  20^  hydrochloric  acid  (40  ml)  was  added 
to  the  residue  in  the  flask,  the  liquid  then  being  boiled  for  one  hour.  The  result 
ant  phthalyl  hydrazide  was  filtered  out  and  washed  with  water.  The  filtrate  was 
alkalinized  with  ^0^  sodium  hydroxide  solution  and  extracted  with  ether,  the  ether 
solution  being  desiccated  with  potash.  Driving  off  the  ether  left  9*2  g  of  a 
thick  dark  liquid.  The  latter  was  distilled  at  125-130®  in  a  2-3  mm  vacuum,  the 
distillate  totaling  5-^  g-  There  remained  in  the  flask  3*8  g  of  a  thick  dark 
substance,  which  proved  to  be  the  unreacted  m-diethylaminobenzylphthalimide.  The 
first  fraction  was  redistilled  at  122-123®  and  2-2.3  nun,  the  yield  being  2.9  g^ 
or  of  the  theoretical.  The  base  is  a  mobile  reddish-yellow  liquid  that  is 
freely  soluble  in  alcohol,  ether,  benzene,  and  dilute  acids;  it  is  insoluble  in 
alkalies  or  water. 

5.263  mg  substance.  ).735  nil  N2(20®,  7^8  nunj  3*^28  mg  substance;  0.480  ml 
N2(20®,  7^8  mm).  Found  N  I6.OI,  16.O6.  C11H18N2  Calculated  N  15.73. 

The  hydrochloride  is  yellow.  It  crystallizes  from  absolute  alcohol  as 
hexagonal  platelets.  M.p.  240*  with  decomposition. 

3.885  mg  substance;  0.392  ml  N2  (20®,  736  mm;.  3-891  mg  substance;  0.392  ml 
N2^19‘’,  73^  mm).  Found  N  11.39.  11.37.  C11H20N2CI2.  Calculated  N  11. 16. 

The  picrate,  minute  lemon-yellow  prisms,  crystallized  from  alcohol.  M.p. 

6.812  mg  substance;  1.039  ml  N2  (20®,  744  mm;.  3.725  mg  substance:  O.588  ml 

N2  (16®,  750  mm).  Found  N  17.40.  17.91.  C11H24O14N8.  Calculated  N  17. 6I. 

2-Methoxy-6-chloro-9-(m-diethylaminobenzyi; -aminoacridine  was  prepared  in  the 
usual  manner  from  2-methoxy-6,9-dichloroacridine  (2.8  g  ;  and  m-diethylaminobenz- 
ylamine  (2  g)  in  phenol  (15  g) .  The  yellow  base  was  crystallized  as  thin  plate¬ 
lets  from  alcohol.  M.p.  104*.  Soluble  in  alcohol,  ether,  acetone,  and  acids; 
insoluble  in  water. 

4.745  mg  substance:  0.421  ml  N2  (20°,  749  mm;.  4.967  mg  substance:  0.441  ml 

N2  (20®,  749  mm).  Found  N  10.19,  10. I9.  C23H26ON3CI.  Calculated  N  10.01. 

The  yellow  dihydrochloride  crystallized  from  absolute  alcohol  as  fine  needles, 
having  a  m.p.  of  252-254"  with  decomposition. 

5.612  mg  substance;  0.421  ml  N2  (22®,  728  mm;.  5.495  nig  substance;  0.412  ml 
N2  (20°,  736  mm).  Found  N  8. 51.  8.46.  C25H2e0N3Cl3*H20.  Calculated  N  8.25. 

SUMMARY 

1.  The  considerable  antimalsir ial  activity  of  compounds  of  Types  (l)  and  (ill) 
is  due  to  the  replacement  of  the  aliphatic  amine  by  an  aliphatic -aromatic  amine. 

2.  The  presence  of  a  CH2  group  between  the  aromatic  amine  and  the  N(C2H5)2 
group  yields  a  substance  that  possesses  appreciable  antimalarial  activity. 

5-  Removing  the  CHp  group  from  this  position  or  placing  it  between  the 
heterocyclic  ring  and  the  aromatic  amine  reduces  the  effectiveness  of  these 
compounds  considerably. 
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THE  SYNTHESIS  OF  SOME  HOMOLOGS  OF  THE  AGLUCONES  OF  CARDIAC  GLYCOSIDES. 


I.  SYNTHESIS  OF  TWO  ISOMERIC  3-PHENANTHRYL- -BUTENOLIDES^^ 
S. I. Kanevskaya  and  K.I.Znaeva 


One  of  the  principal  results  of  many  years  of  research  on  the  chemistry 
of  the  cardiac  glycosides  has  been  the  establishment  of  the  fact  that  their 
aglucones  have  a  structure  that  constitute  them  a  special  group  of  steroids 
whose  pharmacological  and  chemical  properties  are  due  to^t^e  special  structure 
of  their  side  chain.  As  we  now  know,  the  latter  is  a  A  -butenolide,  with 
the  polycyclic  system  of  perhydrocyclopentanephenanthrene  attached  at  the 
3-position.  These  facts,  which  have  been  elucidated  extensively  in  several 
survey  papers  published  in  195^-1936  [1,  2,  3]>  as  well  as  quite  recently 
[4,5],  have  served  as  the  foundation  for  the  developments  characterizing  re¬ 
search  in  this  interesting  field  during  the  last  few  years;  synthetic  research. 
This  research  is  proceeding  along  two  lines:  on  the  one  hand,  analogs  and  homo¬ 
logs  of  the  steriod  type  are  being  synthesized,  and  on  the  other,  simpler  homo¬ 
logs  are  being  synthesized,  containing  single  ring  or  two-ring  radicals  that 
constitute  part  of  the  complicated  cyclopentanephenanthrene  system,  so  to  speak, 
as  substituents  at  the  3-position  of  the  butenolide.  These  homologs  include, 
by  way  of  example,  phenyl,  cyclohexyl,  naphthyl,  and  indanyl  derivaties  (cf  [4]). 

But  among  all  these  substituted  derivatives  of  the  -butenolides  we  do 

not  find  phenanthrene  derivatives;  what  is  more,  by  analogy  with  other  natural 
phenanthrene  compounds,  we  ought  to  expect  to  find  compounds  here  that  are 
highly  interesting  pharmacologically.  We  were  interested  in  filling  this  gap. 

CL“  B 

We  therefore  planned  the  synthesis  of  a  series  of  A  "^-butenolides,  con¬ 
taining  the  phenanthrene  radical  as  such  as  well  as  in  various  stages  of  hy¬ 
drogenation  and  hydroxylation,  by  analogy  with  the  natural  aglucones  as  a  sub¬ 
stituent.  Comparative  pharmacological  testing  of  all  these  compounds  would 
enable  us  to  learn  the  extent  to  which  the  completeness  of  the  perhydrocyclo- 
pentanephenanthrene  system  is  necessary  for  producing  the  specific  effect  of 
cardiac  glycosides. 


The  present  paper  deals  with  the  synthesis  of  two  such  isomeric  butenolides 
the  phenanthrene  series,  namely  3- (2-phenanthryl] -  and  3- (3-phenanthryl)- 
-butenolides  (l)  and  II j; 


They  have  been  synthesized  by  a  method  developed  simultaneously  and  in¬ 
dependently  by  two  schools  [6,7].  The  initial  substances  used  were  the  respective 
3-phenanthryl-3-methylacrylic  acids.  It  has  been  learned  that  when  3“roe4hylacrylic 
acids  are  oxidized  with  selenium  dioxide,  the  methyl  radical  is  oxidized  to  the 
alcohol,  the  respective  -unsaturated  lactones  being  formed  at  the  very  in¬ 

stant  of  the  reaction.  We  synthesized  the  3-phenanthryl-3-methylacrylic  acids 
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required  for  this  synthesis  from  the  corresponding  acetylphenanthrenes  by  the 
method  evolved  by  Bergmann  and  his  associates  [8],  viz:  a  3-hydroxy  acid  was 
prepared  from  acetylphenanthrene  by  a  Reformatsky  reaction,  the  acid  being 
converted  into  the  corresponding  acrylic  acid  via  dehydration  with  formic  acid. 
Thus  the  synthesis  as  a  whole  may  be  depicted  as  follows: 


CHpBrCOOCHs 


I. 


II. 


R-COCH3 


R-C  f  OHjCH^COOCH-? 


R-C(0H/CH2C00CH3 

CH3 


0113 


FORMIC 

ACID 


->  R-C=CHC00CH3 


III.  R-C=CH 


C1I3  C  -  0 


13  ^ 


OCH3 


R-C 


CH 


CHpOH  C  =  0 
{)CH^ 


R-C==CH 


Hp  X=0 

V 


(R  =  phenanthrene  radical j 


The  reaction  is  fairly  smooth  in  all  its  stages,  though  the  recovery  of  the 
end  products  involves  considerable  difficulty,  its  success  requiring  chromato¬ 
graphy  with  alumin'.an  oxide,  followed  by  elutriation  with  chloroform. 


In  the  pure  state,  both  of  the  isomeric  butenolides  (l)  and  i'll)  are  well 
crystallized  substances  that  give  a  positive  Legalle  reaction  like  the  natural 
aglucones,  are  relatively  readily  soluble  in  the  usual  solvents,  insoluble  in 
water,  and  fairly  well  soluble  in  saturated  aqueous  solutions  of  some  salts  of 
organic  acids. 


These  solutions  were  submitted  for  testing  to  the  pharmacological  laboratory 
of  the  All-Union  Research  Institute  of  Pharmaceutical  Chemistry,  headed  by  Dr.M. 
D.Mashkovsky,  to  whom  we  are  deeply  indebted.  These  tests  showed  that  neither 
of  the  synthesized  lactones  acted  upon  heart  muscle 


EXPERIMENTAL 

I.  Synthesis  of  3- (3-Phenanthryl j -  A°’~^-butenolide  (llj. 

1.  Preparation  of  the  methyl  ester  of  3- (3-phenanthryl ^ -3-inethylacrylic  acid. 

3  g  of  acetylphenanthrene,  prepared  from  phenanthrene  by  the  Mosetig  and  Van  de 
Kamp  method  [9]^  1-2  g  of  coppered  zinc  (in  the  form  of  chips J,  and  L5  ml  of  an¬ 
hydrous  benzene  distilled  with  metallic  sodium  were  placed  in  a  small  round-bott¬ 
omed  flask  fitted  with  a  reflux  condenser,  and  10  ml  of  the  benzene  was  driven  off 
to  remove  any  traces  of  water.  Then  a  seeding  crystal  of  iodine  and  2.5  g  of  the 
methyl  ester  of  bromoacetic  acid  were  added,  the  reflux  condenser  was  connected, 
and  the  mixture  was  boiled  until  nearly  all  the  zinc  dissolved,  which  required 
3-^  hours,  heating  being  continued  for  another  3  hours  thereafter.  The  reaction 
mixture  was  allowed  to  cool  and  then  poured  over  ice  and  acidulated  with  10'^ 
sulfuric  acid.  The  benzene  layer  was  separated,  washed  first  with  a  5^  soda 
solution  and  then  with  water,  and  desiccated  with  freshly  calcined  sodium  sul¬ 
fate.  Driving  off  the  benzene  left  behind  3-8  g  of  a  viscous,  dark-browm  mass. 

As  meas’jrement  of  the  saponification  number  indicated,  this  mass,  which  did  not 
crystallize  even  when  allowed  to  stand  for  a  long  time,  was  the  nearly  pure 
methyl  ester  of  3- (3-phenanthryl j -3-niethyl-3-hydroxyhydracrylic  acid,  which  was 
used  to  synthesize  the  desired  acrylic  acid  without  further  purification.  This 
was  done  by  adding  11-12  g  of  80^  of  formic  acid  to  the  reaction  product,  and 
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the  vhole  was  heated  over  an  oil  bath  to  the  temperature  at  which  the  reaction 
mixture  boiled  (bath  temperature  l40-  150®).  Then  the  chilled  mixture  was 
poured  into  water,  the  resultant  oil  being  extracted  with  ether,  to  which  a  slight 
amount  of  chloroform  had  been  added  to  effect  better  solution.  The  resultant 
ether-choroform  solution  was  desiccated  with  freshly  calcined  sodium  sulfate; 
driving  off  the  solvent  yielded  5  g  of  a  thick  dark-reddish  oil  that  did  not 
crystallize 

Since,  as  far  as  we  know,  the  acid  and  its  derivatives  corresponding  to  this 
ester  have  not  been  described  in  the  literature,  and  ^  i  ce  we  were  unable  to 
crystallize  the  resultant  ether  or  to  purify  it  by  distillation,  we  endeavored  to 
isolate  it  by  saponification  with  acid  and  identify  it  as  its  silver  salt.  This  was 
dene  by  saponifying  1  g  of  the  resultant  oil  by  boiling  it  for  2  hours  over  a 
water  bath  with  a  IN  alcoholic  solution  of  potassium  hydroxide.  Then  it  was 
accurately  neutralized  with  a  0.1  N  solution  of  hydrochloric  acid,  0.25  g  of  a 
precipitate  being  thrown  down  (m.p.  57-72°),  which  we  did  not  investigate.  After 
the  precipitate  had  been  filtered  out,  the  neutral  solution  was  evaporated  over 
a  water  bath;  and  the  residue  was  dissolved  in  water,  filtered,  and  acidulated 
with  dilute  sulfuric  acid  until  its  reaction  was  acid  with  Congo  red,  a  white 
caseous  precipitate  of  the  acid,  with  a  m.p.  of  72-85°,  being  thrown  down.  The 
resultant  acid  was  purified  by  repeated  dissolution  in  alkali,  followed  by  prec- 
ipioation  in  sulfuric  acid,  after  which  it  was  identified  as  the  silver  salt. 

Tne  latte"  was  prepared  by  dissolving  the  purified  acid  in  an  excess  of  ammonia; 
the  ..xcess  of  the  latter  was  eliminated  by  heating  over  a  water  bath  and  the 
solution  was  precipitated  with  silver  nitrate,  the  resultant  cream-colored  prec¬ 
ipitate  was  filtered  out,  thoroughly  washed  with  water  and  desiccated  in  the 
dark  in  a  desiccator  above  phosphoric  anhydride.  Analysis  of  this  precipitate 
showed  that  it  was  the  pure  silver  salt  of  3- (3-phenanthryll -3-niethylacrylic 
acid. 

0.1210  g  substance:  0.035^  g  Ag.  Found  Ag  29.06.  Ci0Hi3O2Ag.  Calculated 
Ag  29.23. 


ester  synthesized  above  and  30  g  of  freshly  distilled  acetic  anhydride  were  placed 
in  a  smal],  round-bottomed  flask  fitted  with  a  reflux  condenser  and  heated  to  boil¬ 
ing,  and  a  solution  of  0.4  g  of  freshly  sublimed  selenium  dioxide  in  2  ml  of  water. 
A  black  precipitate  of  reduced  selenium  appeared  on  the  walls  of  the  flask  very 
soon.  After  heating  had  continued  for  2  hours,  the  acetic  anhydride  was  driven 
off  in  vacuum,  the  residue  being  dissolved  in  benzene,  the  selenium  filtered 
out,  and  the  benzene  driven  off  in  vacuum,  leaving  behind  a  light-brown  oil, 
which  crystallized  partially  after  standing  for  a  long  time.  The  desired  product 
was  recovered  by  dissolving  the  reaction  mixture  in  20-30  ml  of  chloroform  and 
chromatographed  with  alumina,  the  resultant  solution  being  passed  through  a 
column  250  mm  high  and  I5  mm  in  diameter.  When  the  column  was  washed  out  with 
small  batches  of  chloroform  (30  ml  eachj,  a  sharp  brown  zone  appeared  at  the  top 
of  the  tube.  The  chloroform  was  driven  off,  the  first  6  fractions  of  the  residue 
yielding  a  brown,  non-crystalline  oil;  fractions  6  to  I5  yielded  light-yellow 
crystals  that  fused  at  l60-170° .  They  were  collected  (0.I5  S)  recrystallized 
uwice  from  a  1:1  chloroform-alcohol  mixture,  after  which  they  exhibited  a  sharp 
m.p.  of  177.5  -  176.5* >  the  positive  Legalle  reaction  that  is  characteristic 
foT"  aglucones  of  cardiac  glycosides,  and,  as  analysis  showed,  were  the  pure 
substance:  3- (5-phenanthryl)  -  ff^'^-butenolide. 

5.610  mg  substance:  10.999  mg  CO2;  I.616  mg  H2O.  Found  %:  C  83.02;  H  5-01* 

Ca8HT202.  Calculated  C  83. 08;  H  4.6l. 


2.  Oxidation  of  the  methyl  ester  of  B- (5-phenanthryl; -  3-methylacrylic  acid 
and  preparation  of  3- (5-phenanthryl j-  A'^~^-butenollde.  0.5  g  of  the  unpurified 


II.  Synthesis  of  fi- (2-phenanthryl- ^-butenollde  (l) 

This  Isomer  was  synthesized  in  the  same  way  as  the  preceding  one,  the  initial 
substance  employed  being  the  methyl  ester  of  3- (2-phenanthryl)-3-methylacrylic 
acid,  which  we  synthesized  from  2-acetylphenanthrene  by  the  Bergmann  and  Hillemann 
method  [8]. 

0.^  g  of  this  acid  was  heated  to  boiling  with  30  g  of  acetic  anhydride  in 
a  small  round-bottomed  flask  fitted  with  a  reflux  condenser,  and  0.4  g  of  freshly 
sublimed  selenium  dioxide  dissolved  in  2  ml  of  water  added  to  the  boiling  solution. 
After  boiling  had  gone  on  for  2  hours,  the  acetic  anhydride  was  driven  off  in 
vacuum,  the  residue  was  dissolved  in  boiling  benzene,  and  the  metallic  selenium 
was  filtered  out.  The  benzene  solution  was  again  evaporated  in  vacuum,  the  resid¬ 
ual  reddish-brown  oil  being  dissolved  in  chloroform  and  chromatographed  with 
alumina.  In  the  ensuing  washing  with  chloroform  (using  30  ml  for  each  fraction), 
the  fractions  from  5-8  to  13  yielded  a  light-yellow  solution;  driving  off  the 
solvent  yielded  light-yellow  crystals  with  a  m.p.  of  196-198“*  The  crystals  were 
combined  and  recrystallized  from  benzene,  after  which  they  fused  at  199-200“  and 
exhibited  a  pronounced  Legalle  reaction. 

3.137  mg  substance:  9  571  mg  CO2;  1  270  mg  H2O.  2.350  mg  substance:  7*159  mg 

CO2;  0.969  mg  H2O.  Found  -jt:  C  83*21,  83. 08;  H  4.5,4.61.  CieHi202.  Calculated 
C  83.08,  H  4.61. 

SUMMARY 

CL  B 

Two  isomeric  3-phenanthryl-  A“'~^-butenolides  have  been  synthesized.  The 
resulting  compounds,  like  the  aglucones  of  the  cardiac  glycosides,  give  a  positive 
Legalle  reaction,  but  do  not  exhibit  the  physiological  action  of  the  cardiac 
glycosides . 
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RESOLUTION  OF  THE  CONFERENCE  ON  THE  THEORY  OF  CHEMICAL 
STRUCTURE  IN  ORGANIC  CHEMISTRY 

(Adopted  by  the  Conference  on  the  Theory  of  Chemical  Structure  in 
Organic  Chemistry  held  in  Moscow,  June  1^, 

The  Conference  on  the  Theory  of  Chemical  Struct-^r  in  Organic  Chemistry 
convened  by  the  Division  of  Chemical  Sciences  of  the  -oSR  Academy  of  Sciences 
recognizes  the  great  importance  of  the  problems  under  discussion  and  engaging 
the  attention  of  the  entire  chemical  world  of  our  country.  The  conference  was 
attended  by  more  than  four  hundred  chemists,  physicists,  and  philosophers  from 
the  USSR  Academy  of  Sciences,  and  from  the  academies  of  the  various  republics, 
research  institutes,  and  institutions  of  higher  learning  of  the  Soviet  Union. 

The  activity  displayed  by  those  attending  the  conference  was  a  striking  in¬ 
dication  of  its  timeliness  and  of  the  need  for  its  convening,  as  well  as  of  the 
urgency  of  the  problems  under  discussion.  The  inadequate  attention  paid  by  our 
co'.ntry's  chemists  and  physicists  to  the  battle  for  the  Weltanschaung  of  dia- 
le.-'ical  materialism  in  chemistry  and  in  the  related  branches  of  physics,  the- 
or  tlcal  chemistry,  and  especially  organic  chemistry  have  resulted  in  some 
SovI  o  chemists  falling  prey  to  the  defective  idealistic  **theory"of  resonance. 

Tne  participants  in  the  conference  subjected  the  sterile '“theory*" of 
resonance  and  the  errors  of  those  Soveiet  scientists  *^ho  expounded  and  employed 
this  faulty  concept  in  their  work  to  devastating  criticism.  The  conference 
clearly  demonstrated  the  unshakabllity  of  the  theory  of  the  structure  of  organic 
compounds  originated  by  the  great  Russian  scientist  A. M. Butlerov,  which  is  the 
foundation  of  all  of  modern  organic  chemistry.  The  conference  indicated  the 
urgent  necessity  of  further  development  of  A.M. Butlerov ' s  materialist  theory 
of  the  structure  of  organic  compounds  and  of  a  thorough  study  of  the  works  of 
A.M. Butlerov  and  of  the  outstanding  representatives  of  the  famous  Butlerov 
school  of  organic  chemists. 

In  its  discussion  of  the  report  by  the  Commission  of  the  Division  oi*  Chem¬ 
ical  Sciences  of  the  USSR  Academy  of  Sciences,  the  conference  noted  that  a 
mighty  indutry  of  heavy  chemical  synthesis  has  been  established  during  the’ 
Stalinist  Five-Year  Plans  under  the  guidance  of  the  party  and  the  government 
and  of  Comrade  Stalin  himself:  the  first  synthetic  rubber  industry  in  the  world 
was  established;  and  industries  producing  motor  fuel,  synthetic  fiber,  dyes?, 
plastics,  and  so  forth  have  been  built  up.  Major  successes  have  been  achieved 
in  recent  years  in  the  production  of  complicated  organic  preparations,  filling 
the  requirements  of  public  health,  and  of  the  food,  textile  and  other  industries. 
The  production  of  antibiotics,  antimalar ials,  antituberculosis  drugs,  and  other 
therapeutic  preparations,  flotation  reagents,  photosensitizers,  insecticides, 
fungicides,  and  the  like  has  been  organized. 

The  conference  notes  that  the  achievements  of  the  organic  chemical  industry 
are  dependent  upon  the  creative  development  of  organic  chemistry  in  our  country. 
Discoveries  such  as  Zelinsky’s  dehydrogenation  catalysis,  Kazansky's  and 
Moldav.sky ' s  dehydroairomatization  of  the  paraffins,  Favorsky's  isomeric  transform¬ 
ations  of  unsaturated  hydrocarbons,  the  Demyanov,  Nametkin,  Kizhner,  and  Arbuzov 
rearrarigements,  the  Lebedev,  Rodionov,  and  Nesmeyanov  reactions,  and  many  others, 
together  with  major  theoretical  generalizations,  have  made  invaluble  contribu¬ 
tions  to  organic  chemistry. 
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The  conference  notes  that  the  creative  trends  in  the  theory  of  chemical 
structure  have  been  paralleled  by  erroneous  views  that  distorted  the  Butlerov 
theory.  The  name  of  Butlerov  has  been  ignored  in  several  monographs  and  text¬ 
books  on  inorganic  chemistry  and  molecular  structure,  and  the  significance  of 
the  work  of  Russian  chemists  in  the  development  of  theoretical  organic  chemistry 
has  been  deprecated.  During  recent  years  the  so-called  ^’theory' of  resonance  (of 
Pauling j  or  of  mesomerism  (ingold)  developed  by  Anglo-American  scientists  has 
received  widespread  currency  in  organic  chemistry.  This  "theory which  teaches 
the  multiform  nature  of  a  molecule’s  structure,  contradicts  the  fundamental 
assumptions  of  Butlerov's  theory. 

Unfortunately,  the  concept  of  resonance  or  mesomerism,  methodologically 
defective,  physically  groundless,  and  sterile,  has  found  adherents  and  disciples 
among  Soviet  scientists  (Ya.  K.Syrkin,  corresponding  member  of  the  USSR  Academy 
of  Sciences,  M.E.Dyatkina,  M. V. Volkenshtein,  A. I  Kiprianov,  and  others).  These 
scientists,  propagandizing  the  idealistic  and  mechanistic  concept  of  resonance, 
have  endeavored  to  conceal  the  faultiness  of  this  concept  by  claiming  that  it 
stems  from  quantum  mechanics  and  is  therefore  competent  to  explain  all  the  facts 
and  behavior  patterns  in  chemistry.  The "theory" of  resonance  or  mesomerism  was 
likewise  uncritically  adopted  by  other  Soviet  scientists  mentioned  in  the  report. 
The  spread  of  this 'th'? or y* has  harmed  Soviet  chemistry.  It  has  deflected  the 
efforts  of  chemists  toward  useless  pseudoscientific  constructions,  created  the 
destructive  illusion  of  elucidating  many  facts  and  patterns  of  behavior  that  ac¬ 
tually  remained  unexpjlained,  and  tried  to  create  the  appearance  of  well-being  in 
the  evolution  of  chemical  structure  while  actually  retarding  its  development. 

The  conference  notes  that  Ya. K.Syrkin,  M.E.E^atkina,  M.V. Volkenshtein, 

A. P. Kiprianov,  and  others  now  acknowledge  the  erroneousness  and  sterility  of 
this 'theory!  The  conference  notes,  however,  that  in  their  remarks  in  the  present 
discussion  Ya. K.Syrkin,  M.E.Dyatkina.  M.V. Volkenshtein,  and  A. I .Kiprianov  have 
not  made  a  comprehensive  critique  of  the  resonance  or  mesomerism  “‘theory"  nor  made 
a  detailed  analysis  of  their  serious  methodological  and  idealogical  errors.  The 
conference  considers  that  the  declarations  by  Ya. K.Syrkin  and  M.V. Volkenshtein 
that  they  had  not  known  of  A. M. Butlerov’s  researches  when  they  were  writing  their 
monographs  on  the  nature  of  the  chemical  bond  and  molecular  structure  are  unsat¬ 
isfactory. 

One  of  the  major  factors  facilitating  the  spread  of  the  idealistic ’ theory 
of  resonance  in  Soviet  scientific  literature  has  been  the  inadequate  development 
of  scientific  criticism  among  Soviet  chemists,  who  did  not  see  through  the 
ideologic.til  defectiveness  of  this  concept  and  did  not  pay  enough  attention  to 
problems  -of  the  methodology  of  Soviet  chemical  science.  The  resolution  of  the 
Central  Committee  of  the  Communist  Party  of  the  Soviet  Union  on  ideological 
problems  drew  the  attention  of  the  Soviet  chemical  world  to  the  problems  of  the 
science's  methodology  and  aided  in  disclosing  the  existing  errors  in  chemistry 
and  in  outlining  the  path  of  f'jrther  development  of  chemical  science,  based  on 
the  on] y  correct  We 1 tan s c hauung  of  dialectical  materialism.  The  conference  notes 
the  insufficient,  attention  paid  by  Soviet  philosophers  to  the  methodological 
probl/ems  of  theoretical  chemistry,  which  has  been  manifested,  in  particular,  by 
the  i’act  that  bhe  idealism  of  the  resonance  concept  was  first  exposed  by  the 
checiists  and  not  by  the  philosophers. 

The  conf(»rence  approves  the  basic  principles  of  the  report  submitted  by  f.he 
Commission  of  the  Division  of  Chemical  Sciences  of  the  USSR  Academy  of  Sciences, 
which  analyzes  the  present  state  of  the  theory  of  chemical  structure,  points 
out  the  ideal  istic  nature  of  the ’’theory  "of  resonance  and  mesomerism,  reveals,  the 
mistakes  of  some  Soviet  scientists,  and  cheirts  the  future  development  of  the 
Butlerov  theory. 
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The  conference  also  considers  it  necessary  to  point  out  some  major 
deficiencies  in  the  Commission's  report.  The  report  does  not  show  that  the 
ideological  distortions  in  matters  of  chemical  theory  are  closely  linked  to 
hostile  theories  in  biology  and  physiology,  constituting  a  united  front  in  the 
struggle  of  reactionary  bourgeois  ideology  against  materialism.  It  provides  an 
incomplete  characterization  of  the  achievements  of  Soviet  organic  chemistry  and 
fails  to  devote  enough  attention  to  the  kinetics  of  chemical  processes,  the 
influence  of  the  medium,  and  the  nature  of  chemical  rea^':  nts.  Not  enough  light 
is  shed  on  the  chemistry  of  free  radicals  or  on  the  inism  involved  in  the 

highly  important  intramolecular  re-arrangements.  T:  •  c*port  deals  with  only 
the  best-known  types  of  interaction  between  atoms  wl  .'uin  a  molecule,  which 
hardly  exhaust  the  great  diversity  of  this  phenomenon.  Nor  can  the  terminology 
employed  for  some  kinds  of  interaction  be  regarded  as  definitely  established. 

The  conference  considers  that  work  on  the  development  of  the  theory  of 
organic  chemistry  must  be  expanded  in  every  way.  Synthesis  is  the  leading 
branch  of  organic  chemistry,  together  with  the  related  researches  on  the  structure 
and  properties  of  organic  substances  (including  natural  ones)  by  the  methods  of 
synthetic  organic  chemistry.  It  is  in  chemical  synthesis  tiiat  the  bond  between 
theory  and  practice  is  most  strikingly  evident.  Moreoever,  it  is  in  synthetic 
research  that  the  theory  of  structure  is  continuously  tested  and  developed,  and 
the  field  of  its  application  expanded.  The  theory  of  structure  also  finds  new 
stimuli  for  further  development  in  synthetic  research. 

The  conference  is  of  the  opinion  that  the  most  important  objective  of 
theoretical  organic  chemistry  is  the  creative  development  of  Butlerov's  doctrine, 
deepening  and  extending  its  fundamental  postulates  in  the  light  of  contemporary 
concepts  of  the  structure  of  matter.  The  evolution  of  theoretical  organic  chemistry 
and,  most  of  all,  the  evolution  of  the  theory  of  chemical  structure  must  entail 
a  resolute  struggle  against  idealistic  and  mechanical  theories  in  chemistry,  based 
upon  the  We Itanschauung  of  dialectical  meter ialism. 

The  attention  of  Soviet  scientists  must  be  focussed  upon  obtaining  a  deeper 
and  more  extensive  knowledge  of  the  chemical  structure  of  matter  and  upon  devel¬ 
oping  the  theory  of  the  interactions  between  atoms  in  a  molecule.  The  problems 
of  the  reactivity  of  molecules  as  functions  of  their  structure  and  of  the  medium 
must  be  solved.  Research  on  elementary  processes  and  on  reaction  kinetics  and 
mechanisms,  including  catalytic  reactions,  is  of  extremely  great  importance. 

Research  on  the  chemical,  physical,  physiological,  and  other  properties  of  organic 
substances  as  functions  of  their  structure  is  likewise  one  of  the  most  important 
tasks  ahead. 

Solving  the  problems  of  theoretical  organic  chemistry  will  require  the  wider 
employment  of  all  the  achievements  of  the  adjacent  disciplines,  most  of  ail  con¬ 
temporary  physics,  with  all  its  wealth  of  experimental  and  theoretical  methods  - 
this  in  addition  to  the  chemical  approaches  and  research  methods  that  have  proved 
their  worth  so  brilliantly.  In  this  connection  the  conference  calls  attention 
to  the  abnormal  state  of  affairs  in  which  many  physicists  refrain  from  participation 
in  the  struggle  for  the  establishment  of  advanced  theory  in  chemical  science.  Nor 
is  it  normal  that  hardly  any  of  the  leading  theoretical  physicists  took  part  in 
tne  deliberations  of  the  present  conference. 

The  conference  finds  that  physical  research  methods  have  not  yet  been 
utilized  as  much  as  they  deserve  in  organic  chemistry  and  holds  that  spectroscopic, 
electronographic,  mass-spec trographic ,  and  other  methods  mast  be  widely  employed 
in  research  on  the  structure  and  properties  of  organic  compounds.  The  problems 
involved  in  the  development  of  the  theory  of  chemical  structure  require  the 
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elaboration  of  the  foregoing  and  of  new  physical  and  physico-chemical  research 
methods,  applied  to  the  specific  problems  involved.  The  conference  calls  upon 
physicists  and  physical  chemists  to  take  an  active  part  in  the  development  of 
these  methods. 

The  conference  likewise  takes  note  of  the  Inadequate  peirticipation  of 
theoretical  physicists  in  the  development  of  quantum  chemistry.  Soviet  theor¬ 
etical  physicists  and  mathematicians  must  play  an  active  part  in  working  out  the 
problems  of  theoretical  chemistry  and  in  developing  computational  methods  in 
quantum  mechanics.  Only  through  the  Joint  efforts  of  chemists  and  physicists 
can  the  theory  of  chemical  structure  be  transormed  into  the  quantitative  theory 
called  for  by  A. M. Butlerov. 

The  publication  of  more  domestic  monographs  on  theoretical  problems  in 
chemistry  must  be  expanded.  One  of  the  most  important  objectives  must  be  the 
preparation  and  publication  of  new  textbooks  of  organic  chemistry  that  set  forth 
the  present  state  of  chemical  science  correctly.  The  publication  of  the  works 
of  our  native  classics,  already  under  way  by  the  Division  of  Chemical  Sciences, 
must  be  sped  up,  with  emphasis  laid  upon  the  complete  collected  works  of  A.M. 
Butlerov  and  V. V.Markovnikov. 

The  conference  notes  that  the  Division  of  Chemical  Sciences  of  the  USSR 
Academy  of  Sciences,  as  well  as  scientific  institutes  and  institutions  of  higher 
learning,  must  pay  more  attention  to  theoretical  chemistry  and  the  problems  in¬ 
volved  in  the  ideological  foundations  of  chemical  theory  and  must  combat  the 
penetration  of  foreign  idealistic ' theories"'^ into  Soviet  science  more  vigorously. 

The  conference  recommends  that; 

1.  The  stenographic  report  of  the  conference  be  published  as  fast  as 
possible  (  no  later  than  the  end  of  19^1). 

2.  The  results  of  the  conference  be  set  forth  in  extenso  in  scientific 
Journals. 

3.  Steps  be  taken  to  obtain  publication  of  speeches  made  during  the  dis¬ 
cussion  of  the  development  of  the  theory  of  chemical  structure  in  organic  chemistry 
especially  in  the  Journal  of  General  Chemistry,  increasing  the  number  of  pages  in 
the  Journal  for  the  occasion. 

4.  The  publication  of  new  textbooks  of  organich  chemistry,  correctly 
expounding  the  present  state  of  chemical  science,  and  of  domestic  monograph 
literature  on  theoretical  problems  in  chemistry  be  accelerated. 

5-  The  Division  of  Chemical  Sciences  of  the  USSR  Academy  of  Sciences 
periodically  convene  conferences  on  the  principal  problems  of  organic  chemistry, 
inviting  scientists  who  are  specialists  in  the  adjacent  disciplines  (physicists, 
philosophers,  biologists,  and  the  like.J 

The  conference  calls  upon  chemists,  as  well  as  the  scientists  working  in  the 
adjacent  branches  cf  physics,  for  further  creative  development  of  A.M. Butlerov's 
theory  of  chemical  structure  based  upon  dialectical  materialism  and  guided  by  the 
brilliant  works  of  J.V. Stalin  and  by  his  propositions  regarding  the  role  and  the 
importance  of  advanced  science  in  the  evolution  of  society,  and  the  role  and  im¬ 
portance  of  crit.icism  in  the  development  of  science.  The  conference  calls  upon 
Soviet  chemists  for  comprehensive  development  of  theoretical  chemistry,  and  the 
wide  application  of  the  results  of  scientific  research  in  our  national  economy. 

Ui  der  the  leadership  of  the  party  of  Lenin  and  Stalin  Soviet  chemists  will 
hono:-ably  coir.ply  with  the  instructions  of  the  great  leader  of  the  toilers,  the 
ro i«ntist  of  genius.  Joseph  Vissarionovich  Stalin. 


